Geological Assessment of the Intertidal Environment in Some areas Along the Arabian Gulf And Gulf of Oman Coastal Region, UAE: A Comparative study. by Mohamed AIrashidi, Mouza Rashid
United Arab Emirates University
Scholarworks@UAEU
Theses Electronic Theses and Dissertations
2004
Geological Assessment of the Intertidal
Environment in Some areas Along the Arabian Gulf
And Gulf of Oman Coastal Region, UAE: A
Comparative study.
Mouza Rashid Mohamed AIrashidi
Follow this and additional works at: https://scholarworks.uaeu.ac.ae/all_theses
Part of the Environmental Sciences Commons
This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Scholarworks@UAEU. It has been accepted for
inclusion in Theses by an authorized administrator of Scholarworks@UAEU. For more information, please contact fadl.musa@uaeu.ac.ae.
Recommended Citation
Mohamed AIrashidi, Mouza Rashid, "Geological Assessment of the Intertidal Environment in Some areas Along the Arabian Gulf And
Gulf of Oman Coastal Region, UAE: A Comparative study." (2004). Theses. 571.
https://scholarworks.uaeu.ac.ae/all_theses/571
United Arab Emirates University 
Deanship of Graduate Studies 
M. Sc. Program in Environmental Sciences 
GEOLOGICAL ASSESSME NT OF THE INTERTIDAL 
ENVIRONMENT IN SOME AREAS ALONG THE ARABIAN 
GULF AND GULF OF OMAN COASTAL REGION, UAE; A 
COMPARATIVE STUD Y. 
By 
Mouza Rashid Mohamed Alrashidi 
A thesis 
Submitted to 
United Arab Emirates University 
In partial fulfillment of the requirements 
For the Degree ofM. Sc. in Environmental Sciences 
Dr. Fathy H. Mohamed 
Associate Professor 
Department of Geology 
Faculty of Science 
UAB University 
Supervisors 
2004 
Dr. Mohamed Gameil 
Assistant Professor 
Department of Geology 
Faculty of Science 
UAB University 
The The i of Mouza Ra hid IRa hidi for the Degree of Ma ter of Science 
10 nvironmental i appro ed. 
Examinr mmittee Member, Dr. Fathy H. Mohamed 
�*·A���b ·· ··12.�£.c. Ql! ............................... . 
Examining Committee Member, Dr. Osman Abdelghany 
Dean of the Graduate Studies, Dr. Hadef Rashed AI-Owais 
United Arab Emirates University 
200312004 
DEDICATION 
To my family ..... . 
Without you, this work would have never been 
completed ... 
ACKNOWLEDGM E NTS 
I would like to extend my sincere thanks and gratitude to the UAB University 
and Geology department for giving the chance and offering many facilities to 
achieve thi work. 
I would like to thank Dr. Fathy Mohamad (Associate Professor, Department 
of Geolog)) and Dr. Mohamad Gameil (Assistant Professor, Department of 
Geotog)) for upervi ing this work. I am indebted to them for their 
up rvision, patience, encouragement and continuous advice d uring the 
progress of this work. 
I am grateful to Dr. Mamdouh Shebl  and Dr. Ashraf Baghdadi (Department of 
Geology) for their helps and advice. 
Appreciation is extended to Mr. Ayman Elsaay, Mr. Waj eeh Kettaneh and 
Mr. Omar AlBahr for their efforts in offering many lab facilities . 
I would never forget to thank Dr. Amr EI-Sammak for his continuous support 
and encouragement. 
Finally, I wish to express my deep gratitude and special thanks to my family 
for their patience and continuous encouragement to achieve this work. 
ABSTRACT 
The present tud aims at a e ing the geological environment of some selected areas 
along the coastal zones of the Arabian Gulf (northern coast) and the Gulf of Oman (eastern 
coa t). Eight tat ions were elected for this stud ; these include three stat ions from the 
Gulf of man (Khor Fakkan, Kalba and Fujairah) and five stations from the Arabian Gulf 
(Dubai, ha�jah, Ajman, Umm l-Quwen and Ras Al-Khaimah). 25 sediment samples 
\\erc c Ikcted and sut�jectcd to grain-size analysi, -ray diftiact ion analysis, microfacies 
and petrographic tudy and chemical analysis. hell samples were collected from the same 
ite u ing 50x50xlO cm box. These shells were studied from the t axonomic aspect and a 
comparison between faunal distribution in both gulfs was carried out . Grain-size analysis 
of the collected samples shows that the Arabian Gulf coast is covered by coarse sand 
whereas the Gulf of Oman coast is covered by medium sand. The great similarities 
between sediments of both gulfs in sorting, skewness and kurtosis may be due to the short 
distance between the two gulfs. X-ray diffraction analysis revealed that sediments from 
the Gulf of Oman coast are rich in minerals that are derived from the nearby ophiolitic 
exposures of the Oman Mountains. Marine input to these sediments is minimum and 
becomes noticeable only in Khor Fakkan. On the other hand, carbonate minerals represent 
the majority in the sediments of the Arabian Gulf coast. Sediment samples were also 
analyzed to determine the concentrations of AI, Fe, Mg, Ca, Na, � P, Mn, As, Ba, Cd, Co, 
Cr, Cu, Mo, N� Pb, Sr, V and Zn. Geochemical data revealed high variations in the 
distnbution of elements between the Gulf of Oman coast and the Arabian Gulf coast . .; 
There are higher concentrations of Ca and Sr in the Arabian Gulf sediments than in the 
Gulf of Oman sediments, this is attributed to the high abundance of carbonates in the 
sediments of the Arabian Gulf coast. The higher concentrations ofMn, N� Cr, Cu, Zn, As, 
V, Mo, Fe203 and MgO are observed in the Gulf of  Oman sediments, this is attributed to 
the nature of outcrops which are dominated by ophiolitic rock types. The concentrat ions 
of  trace metals in the studied sites along the Gulf of  Oman coast are controlled mainly by 
the mineralogy of  the land-derived fragments, whereas the contribut ion of  man-made 
enrichment upon the ab olute concentrat ion is minimal. On the other hand, the lower 
concentrat ions of  trace metal in the Arabian Gulf coast indicate that metal po llut ion in the 
studied area i ery limited or absent. 
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C HAPTER! 
INTRODUCTION 
INTRODUCTION 
1 . 1  Geogra phy of the United A ra b  E m i ra tes 
The United Arab mirate (UAB), a federation of seven independent states since 197 1, is 
located in the southea tern comer o f  the Arabian Peninsula. It is bordered by the Arabian 
ulf to th north. audi Arabia to the south and wesC and Oman and the Gulf of Oman to 
the cast . 
rhe n iteJ Arab Emirates (Fig. 1.1) lie' bd ween latitude 22° 50' and 26° N rt h anu 
longitudes 5 1 ° and 56° 25' East. 
The UAE 'trdch for more than 650 kilometers along the southern shore of the Arabian 
u lf 10st of the coastal area consist of  salt pans that extend far inland. Numerous 
islands and shallow inlets and mangrove trees are found in the gulf 
The UAE also extends for about 1 00 kilometers along the Gulf of  Oman, an area known as 
the Al-Batinah coast. The Al-Hajar Al-Gharbi Mountains, rising in places to 2500 meters, 
separate the Al-Batinah coast from the rest of  the UAE. The mountain slopes tend to run 
right to the shore. Nevertheless, there are small harbors at Diba Al-Hisn, Kalba and 
Khorfakkan on the Gulf of Oman. In the vicinity of Fujairah, where the mountains do not 
approach the coast, there are sandy beaches. 
The eastern coast is essentially a fertile plain where rainfall and subterraneous water have 
allowed agriculture to develop thousands of years ago. 
The coastal zone is commonly referred to as the transition space between two 
environmental domains, the land and the sea It has been defined as "the part of the land 
affected by its proximity to the sea and that part of the ocean affected by its proximity to 
the land" (Sorensen and McCreary, 1 990). 
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Fig.I.I Locality map of the United Arab Emirates showing the Arabian Gulf 
(Persian Gulf) and the Gulf of Oman. 
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The coastal zone has a great importance as it contains many natural resources such as: 
marine, productive, constructed, historicaL recreational and educational resources 
( orensen and McCreary, 1990). 
1.2 Ca lc i u m  ca rbonate-sec reting organisms 
a OJ i secreted by many invertebrate organisms, most conunon of which are the 
mol lu an an imals, a word t l1at means so ft-b d ies ( harabat i ,  1981) . 
. \bbott (1976) ident i fied 11l1l1usks a so ft-bod ies animals that u ual ly prod uce an cxtemal 
h I I  compo ed of a l im material caLled calc iwn carbonate ecreted by fleshy organ called 
mantle. 
fo l lusks are divided into 6 c lasses. The first t hree are very common; these are the 
Gastropods, the Bivalves and the Cephalopods. The other three classes which include 
Amphineura, Schaphopoda and Monoplacophora are of less abundance. 
The Gastropods are the largest class of all mollusks. Most gastropods bear a single, coiled 
shell' others have a flat saucer-like shell, while others do not have a shell at all. This class 
contains species that have ventured onto land. 
The bivalves are mollusca that secret a shell composed of two valves. These two valves 
are brought together by muscles. They are mainly herbivorous and they are of great 
importance for man as a source for food. 
In general, marine animals have different modes of life. Some of them are benthic like 
sponges, corals and the attached shelled animals. On the other hand some are free living 
such as shelled animals. 
Molluscan shells are usually colored. The colors of the shells are due to the presence of 
organic pigments manufactured from the food of the mollusks and distnbuted throughout 
the body by the circulatory systems (Abbott, 1976). 
3 
Other aC03-secreting organisms include corals echinoids calcareous sponges, 
foraminifera and serpulides. 
1.3 Trace m eta ls 
It i' well kn \\11 that t race quantities of certain elements e,  ert a positive or negative effect 
on plant, animal and hwnan life. Generally, trace metals are those present in very low 
concentration:. They can be d efined a those fo und in concentrations of ab ut 10 to 100 
ppm or less. 
ome trace metal uch a Zn, Pb. d, Ni, Mn and u. have toxic effect on envirolU11ent. 
fn marine environment, dissolved trace metals are available to living organisms and they 
can be ad 'orb d by marine biota. 
The occurrence of trace metals in recent sedimentary deposits can be divided into two 
groups: lithogenic or geochemical and anthropogenic or man-made. 
There are natural and unnatural sources of trace metals. The natural sources of trace 
metals are coal, wind blown dust volcanic eruptions, forest wild fires, sea-salt emissions 
and vegetation (Vernet, 1991). 
Trace metals can be emitted during coal and oil combustion, roasting and smelting of ores 
in non-ferrous metal smelters, melting operations in ferrous foundries, refuse incineration 
and kiln operations in cement plants (Vernet, 1991). 
If the concentration of trace metals in soil is above the normal concentration range, one or 
more of the following will be the reason: agricultural input, parent rocks especially rich in 
metals, and air. 
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1 .4 Previous works 
1.4. A. Previou works on sediment di tribution and geochemi try 
Many studie dealing with trace metals di tribution in the Arabian Gulf and the Gulf of 
Oman have been carried out. Khalaf el al. (1981) inve tigated the edimentology and 
mineralog of Kuwait ba bottom sedim nts. They found that most of the northern shelf 
and the c ntral channel of the bay are co ered by muddy sediments, while sand and sandy 
d po it are r�, tri 'ted on ly to t he south rn offshore of  t he bay. They also concluded t hat 
fnllout from du t tom1S contribute considerably (0 t he edimenl budget or t he bay. 
Fowler (1985) accomplished a coastal ba eline study on  the pollutants in UAE, Bahrain 
and Oman. Al-Hashimi and alman (1985) accomplished a baseline study on the trace 
metals in the sediments of the northwestern coast of the Arabian Gulf 
Abaychi and Douabul (1986) investigated the trace element geochemical associations in 
the Arabian Gulf They determined the geochemical fraction of Cd, Cr, Cu, Fe, Mn, Ni, V 
and Zn in surficial sediments from the northwestern part of the Arabian Gulf. They found 
that in the non-lithogenous fraction, the easily or freely leachable and exchangeable 
fraction is not geocheruically significant while the carbonates and Fe-Mn oxides and 
hydroxides fractions appear to be the most dominant phases. 
Fowler (1989) investigated the concentrations of selected heavy metals and chlorinated 
hydrocarbons in the marine environment. He concluded that the highest concentrations of 
Hg, Cd, Pb, PCBs and DDT are usually found in the most densely populated and 
industrialized regions, which are often located near major river estuaries. 
Fowler et at. (1993) studied the distribution of petroleum hydrocarbons, trace metals and 
biota in the near shore Arabian Gulf sediments before and after 1991 war. He concluded 
that the greatest degree of contamination was found along the northern coast of Saudi 
Arabia as evidenced by the enhanced concentrations of petroleum hydrocarbon compounds 
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in the subtidal sediments and associated bivalves at the most heavily impacted sites. His 
finding also has demonstrated that concentrations of oil-related metals do not appear to 
have been measurably perturbated by the oil spill or fallout from the fines. 
Al-Arfaj and Alam (1993) tudied the chemical characterization of sediments from the 
Arabian ulf after the 1991 oil spill. Their study revealed that higher trace metals 
concentrations ar ob er ed in heavil oil sites than moderately oil areas. Lowest 
concentrations were ob erved in benthic samples in areas of high currents. 
Ba. aham and AI-Lihaibi (1993) accomplished a study on  trace e lements in sediments  of 
the Westem GuU� They conc luded that the increase of trace elements contents in the sand 
sediments of audi Arabia could be due to the presence of detrital sand-sized particles rich 
in trace element . They al 0 found that the effect of anthropogenic enrichments upon the 
absolute concentration of the tested elements in the sediments analyzed is minimal. 
Juma (1995) accomplished a study concerned with the heavy metals and mineral 
concentrations in the sediments of the Eastern coast of the UAE. 
Massoud et al. (1996) studied the trace metals contents as indicators of pollution and 
explained the effect and fate of the Kuwait oil slick. They estimated guidelines for the 
natural background levels of trace metal concentrations in the dry, silt-clay fraction of 
unpolluted bottom sediments in the Arabian Gulf They also found that the chronic and 
present day concentrations of Zn, Cd and Mn in sediments are all with the permissible 
natural background levels, indicating that Zn, Cd and Mn are natural constituents of the 
gulf marine environments. They also observed that one or two locations recorded 
contamination with Cu and Pb associated with elevated TOC contents. On the other hand, 
they attributed the high concentrations of V and Ni in the sediments to the direct input 
from oil pollutants. They also observed chronic contamination with Fe in four main 
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locations in the Arabian Gulf the northwestern and northeastern areas, the central area and 
the outhem area along the southeastern Iranian coast which is still receiving fresh input. 
AI-Muzaini and Jacob (1996) carried out a field study to assess the toxic metals content in 
the marine ediments of the huaiba industrial area in Kuwait after the oil spill during the 
gulf war. They detemlined th concentrations ofY, Ni, r, Cd, and Pb and compared them 
with previou ly collected ba eline data. They concluded that e en after the heavy spillage 
of oil, as ociated metal con entrati ns were not very high. 
1- 1u7aini and Jacob (1997) e 'amined t h e  presence o f  t race metals in the nearshore 
sediment f huaiba industrial area of Kuwait from August 1993 to June 1994. They 
compared the levels of Cd, Pb, Ni, Cr and V to values from previously published studies 
on the arne area. They observed that even after the heavy spillage of oil, trace metal 
concentrations, especially Ni and Y, which can be considered as indicators of oil pollution, 
were not high compared to the previous studies. They recommended that more 
information on sediment movement, settling patterns, physicochemical changes of the 
spilled oil and oceanographic parameters are needed to explain the levels of metal 
concentrations in the sediments in that area 
Basaham and El-Sayed (1998) investigated the distribution and phase association of some 
major and trace elements in the Arabian Gulf sediments. They observed two major 
sediment types: (1) a terrigeneous, fine-grained and Al-rich type predominating along the 
Iranian side; and (2) a coarse grained and carbonate-rich type predominating along the 
Arabian side of the Gulf They investigated the correlations of elements analyzed with 
sediments type and grouped them into two distinct associations: (1) carbonate association 
including Ca and Sr; and (2) terrigenous association comprising Al, Fe, Mg, B� Mn, Zn, 
Cu, Cr, Y, Ni and Hg. 
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hriadah ( 1 997) studied the metal pollution in marine sediments of the UAE creeks along 
the Arabian Gulf  shoreline. He measured pollution levels and distributions of several trace 
metals in five different creek sediments of the United Arab Emirates along the Arabian 
ulf By comparison with other previou \ orks, he concluded that the levels reported by 
rno t worker for r, u Mg and Ni are higher than his results while the levels for Cd, Co 
and Zn are lower. 
hriadah (I 998a) carried out a study for hea . metals in mangrove sed inlents of the UAE 
hor ' l ine By correJat i ns between ome heavy metal and organic carbon mat tcr  and grain 
partie ! , he ugge tcd t hat  t he mangrove sed iments might inevitably become enriched in 
heavy metals if a source i available. He investigated eight heavy metals, which are Cd, 
Co, Cr, Cu, Mn, Ni. Pb and Zn and observed that the concentrations of Mn, Ni and Pb were 
ignificantl higher than the other metals. The high concentration of Mn and Ni were due 
to non-anthropogenic sources such as the geologic nature fonnations and the presence of 
high mountains of basic igneous rocks, whereas the high levels of Pb were due to inputs 
from spills and discarded solid wastes. 
Shriadah (1998b) studied the impacts of an oil spill on the marine environment of the UAE 
along the Gulf of Oman. He concluded that the oil spill resulted in a temporary elevation 
of contamination levels, which were rapidly reduced, and the oil pollution levels have 
returned to prevailing background levels. 
Schnetger et af. ( 1 999) carried out a high-resolution study on geochemical characteristics 
of deep-sea sediments from the Arabian Gulf They sampled five deep-sea cores at high 
resolution and analyzed major and trace elements. They observed that BaJAl ratios, used 
as a productivity proxy, were variable but high in all deep-sea cores of the Arabian sea 
which indicate that a basin-wide influence of nutrient-rich water masses. They also 
observed that the Mn distnbution in a core from the Western Arabian Sea showed 
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enrichment during interglacial periods and may indicate Mn export owing to the presence 
of  a strong oxygen-minimum zone. 
hriadah ( 1 999) studied oil contamination along oil tanker routes of the UAE in the 
Arabian Gulf and the Gulf of man. He aimed to examine the current state of o il 
ontarninat ion at ffi hore areas. He found that the pattern of  d istribution of petroleum 
hydrocarbons in marine ed iment from t he st udy areas resembled to some eA'1ent the 
di tributions of rgamc carbon in marine sediments. This observat ion led him to conclude 
t hat the increase in pet ro lellm hydrocarbons c ntamina t ion from o i l  tankers t ramc and o i l  
terminals \.\c uld result in an increa e in organic carbon contents. 
EI- ammak (2000) studied the geochemical association of metals in sediments of Ras Al­
Khaimah, U E.  
El- ammak (200 1 investigated the heavy metal pollut ion in bottom sediments of Dubai, 
UAE. He quantified the metal pollution using stat istical methods and s imple quantification 
methods. He observed that most of the stations reflect natural background composition of 
different metals. On the other hand, few samples reflect the man-made impact on the 
metals contents in the investigated area 
Al-Sharhan and EI-Sammak (2002) investigated grain size analysis and characterization of 
sedimentary environments of the UAE coastal areas. Their results revealed that the 
Arabian Gulf coast could be divided into three provinces: a) Abu DhabilDubai province, b) 
Sharjah/Ajman/Umm Al-Quwain province and c) Ras Al-Khaimah province. While the 
Gulf of Oman coast can be divided into four provinces: a) Rol Diba province, b) 
Dadnab/Aqqa province, c) Khor Fakkan province and d) Fujairah province. They 
suggested that the variations among the studied sites might be due either to the diversity of 
sediment sources, or to the geomorphology ofthe coastal areas. 
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1 .4. b. Previous works on carbonate-secreting organism 
Man tudie concerned with the taxonomy and distribution of macro-organisms in the 
Arabian Gulf and ulf of Oman were carried out. Ahmed ( 1 973) carried out a systematic 
tud on Mollusca from the Arabian Gulf and hatt Al-Arab in Iraq wh re he identified 1 8  
pe I of Bivalvia. Bo ch and Bosch ( 1 982) identified s veral species of Molluscan shel ls 
from the Gulf of Oman. myth ( 1 982) identi iied se raj specie of 10lluscan shell from 
the Arabian uII and th Gulf of Oman. 111 shells were collected from dwerent 
location a long the l \\ O  !.!.ul fs. 
B litt iker and Krupp ( 1 99 1 ) stud ied cveral k inds of fauna of t i1e Saudi Arabia. ' I l le) 
identified many species of corals collected from the eastern coast of the Red Sea. 
Ismail ( 1 99_a) carried out a study on tile distribution of macro benthic invertebrates along 
the beache of the eastern coast as well  as the Arabian Gulf ( Dubai creek) of the United 
Arab Emirates, From the eastern coast he identified 30 species of which 7 belong to 
mollusca and from Dubai creek he identified 29 species of which 8 belong to mollusca 
Green ( 1 994) identified several species of Molluscan shells from the Bahrain beach in the 
Arabian Gulf Bosch et al. ( 1 995) published a book on the seashells of the Eastern Arabia 
They identified 1 273 species from different classes such as Chitons, Scaphopods, 
Gastropods, Bivalves and Cephalopods. 
Riegl ( 1 998) accomplished a quantitative study on coral community structure and specIes 
composition of shallow subtidal hard grounds in Dubai, Southern Arabian Gulf He 
identified 34 coral species. 
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1 .5  A i m  of study 
The main focus of this stud IS to assess the geological factors that can be used as 
appropriate indicator and benchmarks for nlture assessment of the impacts on the coastal 
ec tern . Thi i carried out through studying the geological environments at certain 
sc/ected area'> al ng the coa tal zone ofth UAE. 
The pecific objectiv f the stud are: 
1 .  To study the taxonomic aspect (both genenc and sp cific) of the carbonate-
,-;ecrding organism� 
J To anal. "ze the deposit ional envirorunents using micro-facies analyses. 
3 .  To study the siliciclastic/carbonate interaction in the t idal zone of both gulfs. 
4. To develop a £1cies model for the edimentary environment along the study area. 
5. To compare b tween the two gulfs from the depositional, sedimentological and 
geochemical peculiarities. 
6. To detennine the concentration levels of some important toxic metals m the 
sediments. 
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1 .5 Aim of study 
The main focus of this tud to asses the geological factor that can be used as 
appropriate indicator and benchmarks for future assessment of the impacts on the coastal 
eco y tern . Thi i carried out through studying the geological envirorunents at certain 
elected areas along the coastal zones of the DAB. 
111e pecific objective f the stud ar : 
1 .  To Stlld\ the taxon mic aspect (both genenc and speci fic) of the carbonate-
"ccrd ing organism" 
J ro tlnal:?c the depositional envirorunents using micro-fac ies allaly es. 
3 .  To , tudv the sil icicIastic!carbonate interaction in the tidal zone of  both gulfs. 
4. To develop a facies model for the sedimentary environment along the study area. 
S .  To compare between the h;vo gulfs from the depositional, sedimentological and 
geochemical peculiarities. 
6. To detennine the concentration levels of some important toxic metals ill the 
ediments. 
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CHAPTER 2 
MATERIALS AND METHODS OF 
STUDY 
MATERIALS A N D  M ETHODS OF STUDY 
2 . 1 M a teria l  
Th materials us d in t he present study include sed iments and shell samples co llected from 
t he intert idal Lone along t he coa t o f  t he Arabian Gulf and the Gu lf o f  Oman. Shell 
ample ere collected u ing 50 50 x 1 0  em box. I n  order to col lect all fauna 
encollntered l l1 t he beach or  the G u l f  o f  Oman and t h e  Arabian Gu l f, col lect ion was also 
carried ou t side t he box .  This fauna it; [cfcrr d to by t he symbo l ( c ) .  
Along t he Gulf o f  man coast , 3 stat ion were selected ( Khor Fakkan, Kalba and Fujairah) 
( Fig 2 .1) . Four ites were selected at each stat ion; Kh l ,  Kh2, Kh3 and Kh4 for Khor 
Fakkan, Kh5 . Kh6, Kh7 and Kh8 for Kalba and Kh9, Kh l O, Kh l l and Kh12 for Fujairah. 
The same sample collection technique was applied in the Arabian Gulf coast. 1 3  sites from 
5 stations were selected (Fig 2. 1 ). These sites are as follows: two sites from each of Dubai 
(Du l and Du2), Sharjah (Sh l and Sh2) and Ajman (Aj l  and Aj2) and three sites from 
Umm Al-Quwen (Qu I ,  Qu2 and Qu3) and four sites from Ras Al-Khaimah (RasI , Ras2, 
Ras3, Ras4). 
2.2 M ethods of study 
Grain size analysis was carried out on 25 sediment samples using the standard sieving 
method. Sieve analysis was carried out on 200 grams of the samples. Shaking was done 
for 1 0  minutes and the fractions obtained on each sieve (5, 1 0, 1 8, 35 ,  60, 1 20, 230 and > 
230 mesh) were weighed and their percentage were calculated. 
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Fig. 2. 1 Locality map showing the locations of the study areas and 
sampling stations. 
Twenty five sediment samples representing the 25 sites at both coasts were prepared for 
X-Ra di.11Tacti n analy i in order to determine quantitatively the mineral composition of 
ediments. A Philips X-ra di:flTactometer model PW/1 840, with Ni filter, Cu-Ka radiation 
(A. = J .542 0) at 40 K , 30 mA and scanning speed 0.02°1 as used. The di ffract ion 
peaks b twe n 20 =2° and 28 - 0° were recorded. The corre ponding spacing (cIAO) and 
the relative il1tensitic' ( IIIO) were calcu lated and compared wi th the standard data. 
\\ ent\ Jj\e th in  s�ct ions represent i ng the 25 s ites at bot h  coasts are prepared for 
rnicr01ac ics analys is  of t he d i l lerent carbonate components ( -kclelal and non-skeleta l ) . ancI 
to d tennine the ratio of carbonate to si l icate fract ions. A reasonable estinlation of the 
tota l compos i tions was deteml ined using optical point-counting methods (two hundred 
points). 
Identification of minerals and their ablli1dances in the studied areas were carried out. 
Twenty five samples from both coasts were analyzed at the Central Laboratory Unit (CLU) 
of the UAE University in order to measure their metal contents. Samples were analyzed 
using Inductively Coupled Argon Plasma-Atomic Emission Spectrometry (ICP-AES), 
Varian Vista-MPX-CCD simultaneous ICP-AES with backgrolli1d correction, auto-fit 
multi-calibration curve fitting. 
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C HAPTER 3 
RESULTS 
3. 1 G RAIN-SIZE DISTRIBUTIONS 
Grain size analysis was camed out to construct histograms and cumulative curves (Figs 
3 . 1 -3.4) and interpret the grain-size frequency di t ribut ion in the studied sediments. 
Moreover, cumulat ive curves were used to calculate the grain-size stat ist ical parameters 
(Mz, O"I, kl and Kcr) through applying the eq uat ions of Folk and Ward ( 1 957) .  
3. 1 . 1  M e a n  ize ( M z ) :  
The parameter re flect t he overa l l  average size o f  t he ed iments which is in fl uenced by 
sediment ourc , mode o f  t ransportation and envirorunent of  deposition (Udden, 1 9 1 4; 
Folk,  1 966) .  
The measured values o f  mean size in the coastal  samples of the Gulf of  Oman (Tab le 3 . 1 )  
range between -4.63 0 (pebble size) to 2.53 0 (fine sand) with an average value of 1 .49 0 
(medium sand). Table (3 .2) and Fig. (3 .5)  show that the majority of t he samples (;::{75%) 
are medium and fine sand-size. 
The coastal sediments of the Arabian Gulf show that the mean size (Table 3 .3)  ranges from 
-1 .63 0 (granule) to 2 .3  0 (fine sand) with an average value of 0.68 0 (coarse sand). 
Table (3 .4) and Fig. (3 .6) show t hat 30. 76% of the samples are medium sand, and 23 .07% 
are very coarse sand. The percentage o f  granule, coarse and fine sands are equal and less 
abundant ( 1 5 .3 8%). 
3. 1 .2 Inclusive standard deviation (GI) : 
The inclusive standard deviation is a measure of the uniformity of grain-size distribution 
within the sediments. It depends on the size range in the source rock, extent of weathering, 
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Table 3 . 1 .  Values of Phi percentiles and statistical parameters for the analyzed samples from the Gulf of Oman Coast. 
Phi Percentiles Statistical Parameters 
Station S ites 
cDS cD 1 6  cD25 <D50 <D75 <1>84 <D95 Mz(<1» * 01 (<D) SKI Ko 
Khi - 1 5  - 1 1 .2 -9.4 -4.7 0 2 2.3 -4.63 5 .92 0 . 1  0.75 
Khor Fakkan Kh2 -2 1 . 8 2 . 1 2.4 2.7 2.9 3 .4 2.37 1 .09 -0.36 3 .68 
Kh3 0.4 0.8 1 . 1  1 .7 2.2 2.5 3 . 1 1 .66 0.83 -0.01  1 
Kh4 -2 . 1 - l . 1  -0.6 0.5 1 .4 1 .6 2 0.33 1 .2 -0.22 0.84 
Kh5 0. 1 1 .6 1 . 9 2.4 2.8 3 3 .7 2.33 0.89 -0. 1 9  1 .63 
Kalba Kh6 - 3 . 3  - 1 . 5 -0 .5 1 . 5 2.9 3 .4 4.4 1 . 1 3  2.39 -0.45 0.92 
Kh7 - 1 . 1  -0 . 1  0 .2 0.8 1 .3 1 .6 2.2 0.77 0.93 -0. 1 1 .22 
Kh8 - 2 . 1 0.4 0.8 1 .5 2. 1 2.4 3 1 .43 1 .7 -0.46 1 .6 
....... 
N 
Kh9 0 .7  1 . 1  1 . 3 1 . 7 2. 1 2 .3 3 . 1  1 . 7 0.66 0.08 1 .2 
Fujairah Kh l0  0.9 1 . 7 2 . 1 2 .6 3 . 1  3 .3 3 .8  2 .53  0.83 -0. 1 4  1 . 1 8  
Khl 1  1 .4 1 . 8 2 . 1 2.5 2.9 3 .2 3 .7  2 .5  0.69 0.02 1 . 1 7  
Kh 1 2  0 .2 1 1 . 3 1 . 9 2.5  2.7 3 .4 1 . 86 0.9 -0.06 1 .09 
Average 1 .49 1 .5 -0. 1 5  1 .36 
Mz: Mean size; 01 : sorting; SKI :  skeweness; KG: kurtosis. 
Table 3 .2 .  Frequency d istribution of the statistical grain-size parameters in the coastal 
sediments along the Gulf of man . 
Parameter Descript ion Percentage of samp les 
Fine sand 33 .33% 
Med ium sand 4 1 . 66% 
I, (Cl» Coarse and 
1 6 . 66% 
Very coarse sand 0.00% 
Pebble 8 . 33% 
Granule 0. 00% 
Wel l -sorted 0.00% 
Moderately wel l-sorted 1 6.66% 
GI (<1» 
Moderately-sorted 33 .33% 
poorly-sorted 33 .33% 
Very poorly-sorted 8 .33% 
Extremely poorly-sorted 8 .33% 
Fine-skewed 8 .33% 
SKr 
Near-symmetrical 25% 
Coarse-skewed 4 1 . 66% 
Strongly coarse-skewed 25% 
leptokurtic 3 3.33% 
Very leptokurtic 1 6.66% 
1<0 Extremely leptokurtic 8.33% 
platykurtic 1 6.66% 
Mesokurtic 25% 
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Fig. 3 . 5 .  Pie diagrams showing the frequency distributions of the grain-s ize parameters in 
the coastal sediments along the Gulf of Oman. 
23 
Table 3 . 3 .  Values of Phi percent iles and statist ical parameters for the analyzed samples from the Arabian Gulf Coast. 
Station S ites Phi Percentiles 
Statistical Parameters 
<D5 <D 1 6  CD25 <D50 <1>75 <1>84 <1>95 Mz(<1» * (jI (<1» SKI 
Ajman An 
- 1 3 . 2 -6.4 -2 1 .6 2 2.2 2.7 -0.87 4 .56 -0.86 
Al2 0.9 1 .7 2 . 1 2 .3  2 .5 2 .6 2 .8 2.2 0 .5 1 0.4 
Sharjah Sh l -3 -0.5 -0 . 8  0.3 0.8 1 1 .5 0.26 2 .57 -0.27 
Sh2 - 3 . 9 -2 .6 -2 -0.6 0.4 0.8 1 .6 0 .8  1 .68 -0.0 1  
Dubai Dul  - 3 . 2  -0. 1 0 .2 0 .8  1 .4 1 .7 2 .3  0 .8  1 .28 -0.45 
Du2 1 . 1  1 .4 1 . 7 2 . 1 2 .3 2 .5 2 .7 2 0 .52 -0.26 
Qu I OJ l . 1 1 . 2 l . 8  2 . 1 2 .3  2 .7 1 .73 0 .66 -0.2 1 
Umrn AI-Quwen Qu2 0 . 8  l . 1  1 . 2 1 .6 1 .9 2. 1 2 .4 1 .6 0.49 0 
Qu3 1 . 1  1 . 4 1 . 6 1 .9 2 .3 2.4 2.8 1 .9 0 .5 1 0 .03 
Rasl - 1 2 . 3  -7 .4 -4 .2 -0 . 1  0.4 0.6 1 .2 2 .3 4 .05 -0.82 
Ras Al-Khaimah Ras2 -5 -3 . 1  -2 -0 . 1  0.4 0.6 1 . 1  -0.87 1 . 85 0 . 1 6  
Ras3 -<t .6 -3 .4  -2 .8  - 1 .6 -0.4 0. 1 1 .4 - 1 .63 1 .78 -0.0 1 
Ras4 -3 . 1  - 2 . 4 -2 . 1 - 1 .4 -0.7 -0.4 0.3 - 1 .4 1 .02 0 
Average 0.68 1 .65 -0. 1 8  
Mz: Mean size; 0 \ :  sorting; SKi :  skeweness; KG: kurtosis. 
1<0 
1 .63 
1 .95 
1 . 1 5  
0 .94 
1 .88  
1 .093 
1 .09 
0.94 
1 
1 .2 
1 .04 
1 .02 
1 
1 .23 
�-�� 
� 01 
Table 3 .4. Frequency d istribution of the statistical grain-size parameters in the 
coastal sediments along the Arabian Gulf 
Parameter Descript ion Percentage of samples 
Fine and 1 5 . 3 8% 
Medium sand 30. 76% 
M7 (<D) 
Coarse sand 1 5 .38% 
Very coarse sand 23 .07% 
Pebble 0.00% 
Granule 1 5 . 3 8% 
- -
We l l-sorted 7.69% 
Moderately we l l-sorted 30. 76% 
(JI (<D) 
Moderately-sorted 0.00% 
poorly-sorted 38 .46% 
Very poorly-sorted 7.69% 
Extremely poorly-sorted 1 5 . 38% 
Fine-skewed 0.00% 
SKI 
Near-symmetrical 3 8 .46% 
Coarse-skewed 30. 76% 
Strongly coarse-skewed 30.76% 
leptokurtic 7.69% 
Very leptokurtic 30.76% 
Ko Extremely leptokurtic 0.00% 
platykurtic 0. 00% 
Mesokurtic 6 1 .53% 
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Fig. 3 .6. Pie diagram showing the frequency distribution of the grain- s ize parameters ill 
the coastal sediments along the Arabian Gulf. 
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distance of transportation and the energy variat ion of the depositing medium (Folk: and 
Ward, 1 95 7' Amaral and Prayor 1 977). 
The standard deviat ion of the coastal samples along the Gulf of Oman (Table 3 . 1 )  ranges 
between 0.66 (moderately well sorted) to 5 .92 (extremely poorly sorted). The average 
alue of  <JI is 1 . 5 0 0 (po r ly sorted . 
The frequ ncy d istribut ion f the Gulf of Oman c asta l sediments among the sorting 
cia e (Table 3 . 2 . Fig. 3 . 5 )  reveals that the moderately and poorly sorted sed iments are 
eq ual ly d i  ( ributcd ( 3 . 33%)  and higher than the moderate ly wel l  so rted sed iments 
( 1 6 .66%» . On the other hand. the ver poor ly and ext remely poorly sorted c Jasse are 
equal and les abundant ( 8 .33%).  
The tandard deviation of  the Arabian Gulf coast samples (Table 3 .2) ranges fiom 0.49 
(well orted) to 4.65 (e>..1:remely poorly sorted). The average of <J[ is 1 . 65 0 (poorly 
sorted). 
Table (3.4) and Fig. (3 .6) show that 30.76% of the samples are moderately sorted, 38 .46% 
are poorly sorted and 1 5 .38% are extremely poorly sorted sediments. On the other hand, 
well sorted and very poorly sorted sediments are equally distributed and less abundant 
(7.695). 
3. 1 .3 Skewness (SIq) :  
This parameter descnbes the abnormality of grain-size distribution and represents the most 
sensitive parameter of geologic processes (Folk, 1 966). 
The lowest value of skewness in the Gulf of Oman coastal samples is -0.46 (very coarse 
skewed), while the highest value is 0. 1 (near symmetrical). The average value of SkI (-
0. 1 5) falls into coarse skewness c lass. 
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Table (3 .2)  and Fig. (3 .5 )  show that the coarse skewned sediments are the most dominant 
(4 1 .66%). Meanwhile, the near ymmetrical and strongly coarse skewed sediments are 
equally abundant (25% for each). The less abundant skewness class is the fine skewed 
(8 . 33%). 
The Arabian Gulf coastal sediments d isplay kewne s values ranging from -0.86 (very 
coar e kewed) to 0.4 ( very fine skewed). The average value o f  k, is -0. 1 8  ( coarse 
kewed). 
Table ( 3 .4)  and Fig. ( 3 . 6 )  bow t hat t he coarse and ,trong!y coaL e kev ed are eq ual ly 
abundant ( 0. 76°'0 ) ' while t he rest o ft he sed iments (38 .46%) is near symmetrical .  
3. 1 .4 K u rtos is (Ke ) : 
This parameter measures the nonnality of gra in size distribut ion using the rat io of sort ing 
in the central part of  the curve to that in its extremities (Folk, 1 966).  
The Gulf of  Oman coastal samples show kurtosis values ranging from 0.75 (platy kurtic) to 
3.68 (extremely leptokurtic) with an average value of 1 .36, which represents leptokurtic 
class. According to the kurtosis scale, 33 .33% of the samples have leptokurtic curves of 
distnbution and 25% of the samples have mesokurtic curves. The very leptokurtic and 
platy kurtic samples are equally abundant ( 1 6 .6%) . The rest of the samples have extremely 
leptokurtic curves (Table 3 .2,  Fig. 3 .5) .  
The kurtosis of  the Arabian Gulf coastal sediments range from 0.94 (mesokurtic) to  1 .95 
(very leptokurtic). The average value is 1 .23 (leptokurtic). 
Table (3 .4) and Fig. (3 .6) show that the majority of the sediments fall into the mesokurtic 
class (6 1 .53), whereas the very leptokurtic class is represented only by 30. 76% and the 
leptokurtic class is the least abundant (7.69%). 
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3.2 M inera logy 
The mineral gic composit ion of the studied samples from the Arabian Gulf and the Gulf of 
Oman a analyzed using XRD technique. The results obtained are g iven in Tables ( 3 .5)  and 
(3 .6) and i l lu trated in  Figs. ( 3 . 7-3 . 1 4 ). 
3.2. 1 X R D  M i neralogic com position of the G u lf  of O m a n  coast sed iments. 
Table ( 3 . 5 )  how the mineralogic composit ion o f  1 2  samples co l lected from t he Gul f o f Oman 
coast (four ample from each o f  Khor Fakkan, Kalba and Fujairah). The table shows that the 
sedin1ent from the Eastem coast contain high abundances of minerals derived from the nearby 
ophiol i t ic exposures a long the Eastem coast .  These are represented by ol ivine, serpentine, 
amphibole and pyroxene. However, the carbonate minerals such as calcite, do lomite and 
aragonite, still represent the dominant minerals but with variable percentage. 
3.2. 1 A. Mineralogy of Khor Fakkan samples 
The station at Khor Fakkan is represented by four sites (Kh l ,  Kh2, Kh3 and Kh4) whose 
mineralogic composition is illustrated in Fig. ( 3 . 7) .  The analyses of the mineralogic 
composition at these sites show some variations among the collected samples. Kh l contains 
only calcite as a major mineral, aragonite as a subordinate mineral and dolomite, serpentine, 
pyroxene and foresterite as minor minerals. Foresterite, calcite, aragonite and plagioclase are 
major components of Kh2, while dolomite and serpentine are present as subordinate minerals. 
Pyroxene is a minor mineral in Kh2. In Kh3, calcite and aragonite are present as major 
minerals, whereas serpentine is present as a subordinate mineral. Dolomite and pyroxene are 
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Table 3 .5 .  Mineralogic compo it ion of the studied sediments in the Gulf of Oman. 
.No. Major minerals ubordinate minerals M inor minerals 
Kh I calc ite aragonite dolo mite, serpent ine, 
pyroxene, foresterite 
KJ12 foresterite, calc ite , dolomite, serpent ine pyroxene aragonit e, p lagioc lase 
K h3 en Ie i tc ,  aragonite serpent ine dolo nute, pyroxene 
t---
Kh4 do lomite. aragonite calc i te, e rpenl ine. pyro ene forester ite 
KhS dolomite, quartz, calc ite, serpent ine fore teri te, plagioc lase 
Kh6 calc ite. quart� serpent i ne, pyroxene foreslerite 
Kh7 serpent ine, calcite, dolomite, pyroxene, amphibole, p lagioc lase foresterite 
Kh8 calcite, serpentine dolomite, pyroxene, quartz foresterite 
Kh9 calcite, serpentine, quartz, dolomite, pyroxene, plagioclase foresterite 
KhI O calcite, serpentine, quartz, dolomite, foresterite p lagioc lase 
Kh l l calcite, quartz, serpentine, foresterite, dolomite plagioclase 
Kh 1 2  calcite, serpentine, quartz, dolomite, foresterite plagioclase 
3 0  
Kh l  
1 0  2 0  3 0  4 0  s e  & 8  ( ' 2� 1 - --- ---= -= - � ---
Fig. (3 .7) .  X-ray diffractogram showing mineralogic composition of the 
samples from Khor Fakkan. 
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found as minor minerals. Kh4 contains dolomite and aragonite as major minerals calcite 
serpentine and foresterite as subordinate minerals and pyroxene as a minor mineral. 
3.2. 1 B. M ineralogy of Kalba sam ple 
The tat ion at Kalba i repre ented by [o ur ites ( Kh5,  Kh6, Kh7 and Kh8 )  whose mineralogic 
composit i n i i l lu t rat d in Fig. ( 3 . 8 ). Kh5 contains five major minerals and one subord inate 
mineral. t hese are: do bmitc. quartz, calc ite. [oresteritc, plagioclase and serpent ine. 
re pect ive[) . K116, Kh7 and Kh are omposed o f  calcite and serpent ine a major minerals. 
J l o we er. Kh6 contains t wo more major mineral which are quartz and foresterite .  On the 
other hand, Kh7 contains amphibo le and p lagioclase. Both Kh7 and Kh8 are composed of 
do lomite pyroxene and foresterite as subord inate minerals whereas pyroxene is a lso present 
in Kh6 but as a minor mineral. Kh8 conta ins only one minor mineral which is quartz. 
3.2 . 1  C. M ineralogy of Fujairab samples 
The station at Fujairah is represented by four sites (Kh9, Khl O, Khl l and Kh1 2) whose 
mineralogic composition is illustrated in Fig. (3.9). It appears that there is a great similarity in 
the mineralogic compositions among these samples. Kh9, Khl D, Khl l and Kh1 2  resemble 
each other in having calcite, quartz, serpentine and plagioclase as major minerals. All of them 
also contain dolomite and foresterite as subordinate minerals. Pyroxene is present as a 
subordinate mineral only in Kh9 and Kh l O. 
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Fig. (3 .8) .  X-ray diffractogram showing the mineralogic composition of the 
samples from Kalba. 
3 3  
Kh 1 2  
Fig. (3 .9). X-ray diffractogram showing the mineralogic composition of the 
samples from Fuj airah. 
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3.2.2 X R D  M i nera logic com posi tion of the A ra bian G uJf coast sed i ments. 
Table (3 .6) show the mineralogic composition of 1 3  samples co llected from t he Arabian Gulf 
coast.  I t  has been found that most of t he samples contain calcite and/or aragonite as major 
mineral . Quartz and do lomite are al 0 found a major minerals but in Ie s percentage . 
Detai led descript ion o f  the mineralogic composition of the studied sediments at each stat ion is 
given be low. A comparison bet ween t he sediments of the Gulf  of Oman and t he Arabian Gulf 
coast reveals that t he Arabian Gu l f  sed iments are characterized by the common occurrence 
of earb nate mineral and quartz. The mafic minera ls related to the ophio l i t ic exposures are 
absent or very rare at the Arabian Gulf coast and more abundant at the Gulf of Oman coast . 
3.2.2 A. M ineralogy of Dubai sam ples 
Two sites were studied at Dubai (Du 1 and Du2) whose mineralogic composition is illustrated 
in Fig. (3. 1 0) .  Du 1 contains aragonite as a major mineral, while calcite is  present as a 
subordinate mineral. Amphibole is also foood as a minor mineral. Aragonite, calcite and 
dolomite are major components of Du2, whereas quartz represents a subordinate mineral .  
3.2.2 B. Mineralogy of Sharjah samples 
Two sites were studied at Sharjah (Sh 1 and Sh2) whose mineralogic composition is illustrated 
in Fig. (3 . 1 1 ). The mineralogic composition of the sites at Sharjah are very similar in having 
aragonite and calcite as major minerals. Quartz is foood only in Sh2 as a minor mineral. 
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Table 3 .6. Mineralogic composition of the studied sediments at the Arabian Gulf 
o .  Majo r  minerals S ubordinate minerals  M inor minerals 
Du l aragon ite calc i t  amphibole 
Du2 aragon ite,  calc ite, dolomite quartz 
S h l aragonil  . calcite 
Sh2 aragoni t  , ca lci te quartz 
Aj l calc ite, aragonite, q uartz 
J� calcite, aragonite q uartz do lomite amphibo le 
Qu I aragonite, calc ite, quartz dolo m ite 
Qu2 aragonite, calc ite, q uartz 
Qu3 calcite, aragonite, quartz anhydr ite 
Ras l calcite aragonite dolomite 
Ras2 calcite, aragonite 
Ras3 calcite, aragonite quartz, plagioclase 
Ras4 calcite, aragonite dolomite 
. 
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Du2 
Du l 
20 30 49 50 6 9  [ ' 20 1  7 
Fig. (3 . 1 0). X-ray diffiactogram showing the mineralogic composition of the 
samples from Dubai. 
3 7  
h2 
Shl  
1 e  z e  3 6  
Fig. (3 . 1 1 ). X-ray diffractogram showing the mineralogic composition of the 
samples from Sharjah. 
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3.2.2 C. MineraJogy of Ajman sampJes 
Two ite were tudied at Ajman (Aj 1 and Aj2) whose mineralogic composition is illustrated 
in Fig. ( 3 . 1 2). Both site contain the same major mineral , which are calcite, aragonite and 
quartz. n the other hand, Aj2 contains dolomite as subordinate mineral and amphibole as a 
minor mineral. 
3.2 .2  D.  lV l i n enl logy of U ru m  A l-Quwen a m ple 
Three ite were tudied at Umm Al-Quwen (Qu I ,  Qu2 and Qu3 ) whose mineralogic 
composition i i l lustrated in Fig. ( 3 . 1 3 ) .  Qu I ,  Qu2 and Qu3 contain the same major minerals, 
which are calcite, aragonite and quartz. Dolomite is the minor mineral of Qu 1 ,  whereas, 
anhydrite is the minor mineral o f Qu3 . 
3.2.2 E. M ineralogy of Ras AI-Khaimah samples 
Four sites were studied at Ras Al-Khaimah station (Ras ! ,  Ras2, Ras3 and Ras4) whose 
mineralogic composition is illustrated in Fig. (3. 1 4).  The majority o f  the samples (Ras2, Ras3 
and Ras4) contain aragonite and calcite as major minerals. This is similar to what has been 
observed at the Sharjah station. Ras l contains only one major mineral which is calcite. 
Minor minerals are represented by quartz and plagioclase in Ras3 and dolomite in Ras l and 
Ras4. 
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Aj2 
Aj l 
Fig. (3 . 1 2) .  X-ray diffiactogram showing the mineralogic composition of the 
samples from Ajrnan. 
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Qu3 
Qu2 
Qu I 
Fig. (3 . 1 3) .  X-ray diffractogram showing the mineralogic composition of the 
samples from Umm Al-Quwen. 
4 1  
Ras4 
Ra 
Ras2 
Ras !  
Fig. (3 . 1 4) .  X-ray diffractogram showing the mineralogic composition of the 
samples from Ras Al-Khaimah 
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3.2.3 M ic rofacie A n a lysis 
arbonate grains are c lassified as ske leta l grains and non-ske letal grains. keletal grains 
are t ho derived fr m the skeletal material  of organisms (Tucker and Wright , 1 990) .  On 
the other hand, Mil l iman ( 1 974) defined non-ske letal gra ins as grains which do not appear 
to have been precipitated a skeletal remains. 
Twen t; fi e beach sed iment arnples were s lected for microfacies st udy. Grain mounts 
and tandard th in . ect ions fr m the seJe ted 'amp les were eXaJnined under a pet rographic 
micro cope. I went five represcntat i \ c t h i n  sect ions were se lected for detai led po int 
counting. Two hundred points per t hin  sect ion were selected to obtain unbiased resu l ts  and 
en ure suffic i n t coverage. The counted grains were classified as : a ) ske letal fragments 
in luding; corals, coralline algae, mol lusks, foraminifera echinoids, bryozoan, serpulids 
and a1cyonarians ' b) non-skeletal grains including ; ooids, pe l let s, l i thoclasts and 
cryptocrystalline grains; and c) terrigenous grams. On the other hand, petrographic 
examinations were carried out to distinguish the different minerals such as olivine, 
pyroxene and calcite in both gulfs. 
3.2.3 A. G ulf of Oman Coast 
Petrographic examination and point-counting results of the samples collected from the 
eastern coast of the Gulf of  Oman (Table 3 .7) showing the following: 
The clastic sediments are more abundant than the carbonate sediments (skeletal and 
non-skeletal). Terrigenous grains are found in all sites ofIChor Fakkan, Kalba and Fujairah 
stations with a maximum value of 79% in the site Kh7 from Kalba. 
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Table.3 . 7 . Results of microfacies anaJysis of the samples collected from the Gulf of Oman Coast. 
Gulf of Oman Coast 
� Khor Fakkan Kalba (%) Kh 1 Kh2 Kh3 Kh4 Kh5 Kh6 Kh7 
Corals 25 45 58 31 30 25 1 4  
Cor. algae 3 1 1 0 0 0 0 
Moll usks 8 2 6 9 3 3 2 
ro Foraminifera 1 1 2 0 0 0 1 Q) 
Q3 Echinoids 0 0 2 0 0 0 1 .::£ 
if) Alcyonarians 1 0 0 1 0 0 0 
Serpul ids 2 0 0 0 0 1 0 
Hal imeda 1 0 1 0 0 3 1 
Bryozoans 8 1 2 2 2 0 0 
co Ooids - 7 4 1 1 5 1 0 (i) Pellets 0 0 Q3 0 0 0 0 0 .::£ en Cryptocrystall ine 3 6 5 5 1 3 2 I c: 0 z lithoclast 1 0 0 0 1 8 0 
Terrigenous 40 40 22 51 58 56 79 
Total 1 00 1 00 1 00 1 00 1 00 1 00 1 00 
-
Kh8 Kh9 Kh1 0  
22 21  32 
2 0 0 
3 4 3 
0 0 0 
1 0 0 
0 1 0 
0 0 1 
0 0 0 
2 1 1 
0 0 0 
0 0 0 
1 2 2 
0 0 1 
69 71 60 
1 00 1 00 1 00 
Fujairah 
Kh1 1 
29 
0 
2 
2 
0 
0 
0 
0 
2 
1 
0 
1 
1 
62 
1 00 
Kh1 2  
30 
0 
4 
1 
1 
1 
0 
0 
0 
1 
0 
0 
0 
62 
1 00 
'<:j '<:j 
The percentage of terrigenous grains decreases from the maximum value of 79% in Kalba 
(Kh7 to a minimum alue of 22% in Kh3 in Khor Fakkan station, with a general north ward 
trend . 
k letal grams are repre nled by coral , coralline algae, mol lusks, echinoid , foran1S, 
halimeda alcyon., serpulid and bryozoan fragments (Fig 3 . 1 5) .  Although commonly 
Ie ilk'll  terrigenous grai n, c ral fragments are the most ablU1dant carbonate grains along 
the eastern coast of the Gu l f  of Oman. The are pr ent in all col lected sanlpJe and even 
exceeds terrigen )US gra im i n  t\\ O i le. ( K IL and Kh3 )  at the KJ10r Fakkan station. 
10 l lu  ks and Illol lu  can fragments [oml the second most abundant carbonate grains along 
the eastern coast of the Gulf of Oman (F ig 3 . 1 6) .  . They are pre en t  in al l  studied sites. 
Howe\' r, they are more abundant in most of the Khor Fakkan sites Ulan in the s ites of the 
other stations as h \\11 in Tab I 3 . 7. 
imilarly. bryozoa fragments are present ill all samples except ill Kh6, Kh7 and Kh 1 2. 
They are more abundant in the Khor Fakkan sites. 
Forams were observed in very small amounts, however the number of sites in Khor 
Fakkan, where forams or their fragments were observed, equals the sum of those in the 
Fujairah and Kalba stations (fable 3 .7). Although coralline algae are present in very small 
amounts, they seem to show close association with forams distribution in Khor Fakkan 
station. They are present in only one site of Kalba station and not observed at all sites 
from Fujairah station. 
Echinoid, alcyon, serpulids and halimeda are observed in trace amounts in the studied stations. 
They do not show any noticeable distribution trend (fable 3 .7). 
Figure 3. 1 7  shows the distribution of various non-skeletal grains in the studied sites of the 
Gulf of Oman coast 
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Fig.3 . l 5 Distribution of the skeletal components at different sites of the Gulf of Oman 
coast. 
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B 
A 
Fig. 3 . 1 6  Photomicrographs of the grain-mounts from sample Khi l of 
Fujairah station showing the presence of large mollusk fragments (MF) ill 
poorly sorted sediments. 
A: Plain-polarized light 
B: Crossed-nickols 
Magnification: 2.SX 
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Fig. 3 . 1 7  Distribution of the non-skeletal components at different sites of the Gulf of 
Oman coast. 
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oid are found in aU sites along the ea tern coast of the Gulf of Oman, except in two sites 
in each of Kalba and Fujairah stations. They reach a maximum value of 7% in Kh l  ( in 
Khor Fakkan) and a minimum value of 1 % in most of the sites. 
PeUet are not fo und in any site of the studied stat ions a long the Gulf of Oman coast. 
ryptocry taU ine grains are found in al l  sites except in Kh 1 2  ( in Fujairah) with a 
maximum value r 6°'0 in Kh2 in Khor Fallan) and minimum alue of 1 % in KhS, Kh8 
and Kh l l .  L it h  c last grains are pr sent in few ites in the Gulf of Oman coast with a 
m�L" l lllt lm \·a lul' 0 1  �o ° in Kh6 ( in Ka lba )  and a mjnimum value of 1 % in t he other s ites 
\\ here t he) arc present. 
3.2.3 B. A rab ian  G u lf Coast 
The detailed petrographic examination and point counting of the samples collected from 
the Arabian Gulf coast (Table 3 . 8) showing the following:-
The carbonate grains, particularly skeletal grains, are more predominant along the Arabian 
Gulf coast than along the Gulf of Oman coast; while terrigenous grains are much less than 
their counterparts along the Gulf of Oman coast. 
Figure 3 . 1 8  shows the distnbution of various skeletal grains in the studied sites of the 
Arabian Gulf coast. Terrigenous grains are hardly noticeable in the samples collected 
from Ras Al-Khaimah sites, particularly in sites Ras3 and Ras4. They range from 1 % in 
most sites to a maximum of 7% in the Qu3 site in Umm Al-Quwen. 
The skeletal grains are represented, in an increasing order of abundance, by alcyon, 
bryozoa, echinoids, coralline algae, forams, mollusks and corals. Alcyon makes 1 % of the 
counted grains from the samples collected from the Aj l site at Ajrnan. Bryozoa are 
scattered through out the studied stations. Where present, it never exceeds 2%. 
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Table .3 .8 .  Results of microfacies analysis of the samples co llected from the Arabian Gulf Coast. 
i� Arabian Gulf Coast 
Ras AI-Khaimah Umm AI-Quwen 
(%) Ras1 Ras2 Ras3 Ras4 Qu1 Qu2 Qu3 
Corals 63 76 8 1  65 76 77 53 
Cor. a lgae 0 0 1 0 5 1 0 
� Mollusks 9 7 8 3 9 1 0 <ll Forami nifera 0 0 0 2 1 1 2 Qi 
.:,c; Echi noids 1 0 0 0 1 0 1 (J) 
Alcyonarians 0 0 0 0 0 0 0 
Bryozoans 0 0 1 2 0 1 1 
ro Ooids 1 0 0 0 1 1 3  32 
Q) Pellets 0 0 0 6 0 0 0 Qi � 
Cryptocrystal l ine 1 6  1 4  If) 7 1 6  2 1 2 I C 0 
z Lithoclast 9 1 2 6 4 0 2 
Terrigenous 1 2 0 0 1 5 7 
Total 1 00 1 00 1 00 1 00 1 00 1 00 1 00 '-----
Ajman S harjah 
Aj 1 Aj2 Sh1 Sh2 
60 6 1  72 60 
1 0 0 3 
1 0 7 7 
3 0 1 1 
3 0 1 1 
1 0 0 0 
0 0 0 2 
23 32 4 1 0  
0 1 0 0 
4 1 2 2 
0 0 1 2  1 3  
4 5 1 1 
1 00 1 00 1 00 1 00 
Dubai 
Du1 Du2 
66 77 
0 1 
7 1 
0 1 
0 0 
0 0 
0 2 
1 2  1 0  
3 1 
4 4 
3 0 
5 3 
1 00 1 00 
o V) 
1 00 
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Fig.3 . 1 8  Distribution of the skeletal components at different sites of the Arabian Gulf 
coast. 
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It was detected in sites Ras3 and Ras4 of Ras Al-Khaimah, sites Qu2 and Qu3 of Umm Al­
Quwen, site h2 of harjah and site Du2 of Dubai. 
Echinoids were detected in one site o f  each of t he studied stations excluding Dubai where 
the were not detected. A maximum presence of 3% wa ob erved in site Aj l of Ajrnan. 
In all other sites, where echino ids are present, t heir presence never exceeds I %. 
Cora lline a lgae, which are present in all  stations, are commonly present only in one site 
and rarely in two ite , in each of t he e stat ions. Their highest abundance o f  5% was 
obscn ccl in t he amp les fro m Qu i in Umm Al-Quwen ( F ig 3 . 1 9) .  They have 3% 
abundance in the samples fro m h2 in  harjah. They make only 1 % o f  t he samples from 
Ra 3, Qu2, Aj 1 and Du2 sites. Forams, altho ugh present in all stations are not present in 
all site of t he e station , except in t hose s ites of  Umm Al-Quwen. A maximum presence 
of 3% was d tected in site Aj 1 of Ajman. Mol lusks, which are present in all sites except in 
sites Qu3 and Aj2, show their highest concentrations of 8 to 9 % in the samples collected 
from sites Ras 1 , Qu I and Ras3 . Their lowest concentrations o f  1 %  was observed in 
samples from sites Qu2, Aj 1 and Du2. Corals are by far the most abundant and most 
homogenously distnbuted skeletal grains along the Arabian Gulf coast. They are present 
in all the collected samples, with a maximum abundance of 8 1 %  at Ras3 site and a 
minimum o f  53% at Qu3 site. 
Along the Arabian Gulf coast; non-skeletal grains are represented in increasing order o f  
abundances by pellets, lithoc1asts, cryptocrystalline grains and ooids (Fig 3 .20). 
The presence of ooids in Ras Al-Khaimah is restricted to one site (Ras 1 )  with a percentage 
of 1 %.  Ooids are more abundant in each of Ajman, Umm Al-Quwen, Dubai and ShaIjah, 
respectively. 
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A 
B 
Fig. 3 . 1 9  Photomicrographs of the grain-mounts from sample Qu I of Umm 
AI-Quwen station showing the presence of mollusk fragments (MF) and coral 
fragments( CF). 
A: P lain-po larized light 
B :  Crossed-nickols 
Magnification: 2 . 5X 
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Fig. 3 .20 Distribution of the non-skeletal components at different sites of the Arabian 
Gulf coast. 
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Their maximum value of 32% was detected in samples from Qu3 in Umm Al-Quwen and 
Aj2 in Ajman. They range from 23% to 32% in Ajman; from 1 % to 32 % in Umm Al­
Quwen; from 1 0% to 1 2% in Dubai; and from 4% to 1 0% in Sharjah. 
Pellet are found in four site onJy; two sites in Dubai, a site of Ras Al-Khairnah and a site 
of Ajman. The maximum value of 6% was detected in the Ras4 site of Ras Al-Khaimah 
station, vvhile the minimum alue of I % was observed in each of Ajman (Aj2) and Dubai 
(Du2) ite .. 
Li thoc last grains arc pre ent  in al l t he st udied stat ions i n  t he rabian Gulf coast . except 
jman. rhe) range JTom ] % in t be Ras2 site of Ra Al-Khain1ah to 1 3% in h2 site o f  
harjah. Cryptocrystalline grain were detected in all sites. They range from a maximum 
value of 1 6% in the Ras l and Ras4 sites or Ras Al-Khairnah to a minimum of 1 %  in Qu2 
site ofUmm Al-Quwen and Aj2 ite of Ajman. 
In comparison with the Gulf of Oman, corals and coral fragments are more abundant in the 
Arabian Gulf coast. Similar trend exists for the distribution of mollusks; excluding the 
samples of Qu2, Qu3 in Umrn Al-Quwen and Aj l and Aj2 in Ajman where mollusks are 
absent or only present in slight amount ( less than 1 %). 
Bryozoa are more abundant and more homogenously distributed along the Gulf of Oman 
coast than they are along the Arabian Gulf coast. 
The overall non-skeletal grains are more abundant and more homogenously distributed 
along the Arabian Gulf coast than along the Gulf of Oman coast. Except the Ras Al­
Khaimah station, ooids are more abundant along the Arabian Gulf coast than along the 
Gulf of Oman coast. Pellets, although having a scattered distribution, they were detected 
only along the Arabian Gulf coast. Although they are the most widely distributed non­
skeletal grians, cryptocrystalline grains are more abundant along the Arabian Gulf coast 
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t han along t he Gulf o f  man coast . Lithoclast grains are detected i n  a few scattered site 
along the u If  o f  man coast . They are more abundant and more homogeneously 
d istributed a long the Arabian Gulf coast .  
Terrigenous grains are more abw1dant and more homogenously d istributed along the Gulf 
o f  Oman coast than a lo ng the Arabian Gulf coast.  They also show an increasing trend 
from Khor Fakkan to Fujairal1 to Kalba along the Gulf of Oman coast . They a lso show 
sin1iIar increa ing trend from Ras AI- Khaimah to Sharjah to Dubai to Ajman to Umm Al­
Quwen. 
There i a lso a c lear inverse rdati  n, hip between the abundance o f terrigenous grains and 
t hat of corals a lo ng the Gulf  of Oman coast . uch correlat ion, even if it exists, is not as 
c lear along t h  Arabian G u lf coast . 
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3.3 CHEM ICAL ANALYS I S  
ed im nts from t h  t he Arabian Gulf  and the Gulf o f  Oman were analyzed for AI, Fe 
Mg, a, a., K ,  P, Mn, , Ba, Cd, Co, Cr, Cu, Mo, Ni ,  Pb, r, V and Zn using rep and 
. techniques. 
3.3. 1 G u l f  of O m a n  Coa t ed i m e n ts 
on entrat ion of  ome oxides ( \Nt%)  and t race meta ls ( ppm) in t he sedinlents o f t he 
studied ites a long t he Gulf of Oman coa t are g iven in Table (3 .9) . Statist ical parameters 
for major and t race metals in t he sed iments o f  t he Gulf  of Oman coast are shown in Table 
3 . 1 0. 
3.3. 1 A. Major oxides 
There are wide differences in silica concentrations between the studied samples, which 
indicated by a high value of  standard deviation (6.84). S ilica ranges between 46.8 1  % (Kh3) 
and 73.77% (Kh7) with an average value of 62.63% Si02. Aluminum oxide in the Gulf of 
Oman coastal sediments ranges from 0. 1 6  % (Kh4) to 1 .  92 % ( Kh l l )  with an average value 
of 1 .05% Ah03 . 
Both iron and magnesium oxides are found in high values with an average value of 3 .54% 
Fe203 and 1 5 .44% MgO. The maximum value of Fe203 is 4.92%, while the minimum value 
is 1 .40%, which are recorded at Kh9 and Kh l ,  respectively. Magnesium oxide ranges 
between 6.53% which is recorded at Kh l  and 2 1 .47% at Kh9. 
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Table (3 .9). Major oxides and trace metals concentrations in the sediments of the coastal region ofOrnan Gulf. 
� K hor- Fakkan Kalba Fujairah Element Kh l  Kh2 Kh3 Kh4 Kh5 Kh6 Kh7 Kh8 Kh9 Kh l 0  Kh1 1 
Maior elements (wt%) 
Si02 57.62 64.32 46. 8 1  64 .98 69.78 64.33 73 .77 62.75 60.69 62. 79 6 1 .07 
Ah03 0. 1 9  0.36 0.24 0 . 1 6  1 .25 1 . 83 0.92 1 .47 1 .4 1 . 55 1 .92 
Fe203 1 .4 2 .48 1 . 85 1 .96 4.08 4.08 3 .86 4.77 4.92 4.28 4.52 
MgO 6.53 1 1 .04 9 .46 9.96 1 7 . 1 6  1 6.07 1 5 .84 20.35 2 1 .47 1 9.6 20. 1 1 
CaO 32 .22 22 .59 42 .85 24.9 1 0 .2 1 5 .39 7 .38  1 2. 1 3  1 2.99 1 2.87 1 3 .64 �a20 0.48 0 .54 0.69 0.6 0 .62 0 .87 0.37 0.53 0.44 0.59 0.7 
K20 0.02 0.03 0.04 0.02 0.06 0 . l 3  0.03 0.05 0.04 0.05 0.07 
P205 0.04 0.04 0.06 0.02 0.05 0. 1 0 .03 0.05 0.05 0.07 0.07 
Trace elements (tmm) 
Mn 1 32 . 58  202. 7 1  1 39.24 1 76.4 7 305 .04 325 .43 3 1 5 .24 366.55 37 1 .0 1  344 .63 350.4 1 
As 4.77 3 . 36 4 .47 3 . 56 9 9.24 9.41 1 2 .5 1 1 2.65 1 3 .39 1 5 .56 
Ba 5 . 58  4 . 1 9  6 .93 3 . 3 1 3 . 84 6.45 2.62 3 .88 4 .88 4.04 5 .34 
Cd 0. 1 4  0 . 1 9  0 . 1 1  0. 1 2  0 .29 0.3 0.29 0.34 0.4 1 0.32 0.34 
Co 9 .38  1 2 . 74 7 .2 1 1 2.34 1 3 . 79 1 2. 1 8  1 5 . 1 9  1 6.89 1 7.68 14.94 1 4. 1 5  
Cr 36 42. 87  37 . 37  23 .22 1 00.04 1 1 0.44 1 09.74 1 36.42 1 3 1 .44 1 28. 1 6  1 38. 1 3  
Cu 3 .08 3 .45 3 .25 1 .93 1 0 . 1 6  1 1 .75 1 1 .4 1  9.72 9.33 9.95 9.99 
Mo 9 .75  1 3 .48 6 .03 6.4 1 1 7 .36 1 6.4 1 1 7 .34 1 9.83 2 1 . 5 1  20.03 20. 1 8  lNi 267.49 350 .34 250.47 462 .68 642.23 442.28 61 1 . 1  845 .66 892.37 782.66 805 .07 
Pb 0.82 1 .42 0 .86 0 .88 1 .9 1 3 .49 1 .66 1 .65 1 . 88 2 .24 2.7 
Sf 1 225 .87  1 480.65 1 78 1 .47 1 22 1 .08 568.45 677.85 206.79 424.56 457.25 435.22 462.24 
V 1 0 .99 23 .96 6.76 6.04 33 .63 3 1 .9 1  23 .49 25.2 22.9 1 20. 1 5  23 .08 
Zn 8 .86 1 0 .97 7 . 39 1 0.0 1 1 7 .6 1 23 . 1 6  1 7.02 1 9.22 2 1 .06 2 1 .6 1  22. 1 2  
Kh 1 2  
68 .91  
1 .3 1  
4.22 
1 7.66 
9.27 
0.36 
0.03 
0.04 
336.03 
9.76 
3 .72 
0.32 
1 5 .66 
1 1 3 .27 
9.25 
20.25 
795.06 
1 .74 
366.69 
25 .99 
1 8 .04 
_._._-
00 
lI") 
Table (3 . 1 0 . Statistical parameters for major and trace metals in the sediments of 
Gulfof  man . 
GuLf of Oman 
Elements Mean Maximum Minimum Std . Dev 
IS i02 62.63 73 .77 46. 8 1 6 .84 
.\bOJ 1 . 05 1 . 92 0. 1 6  0.65 
Fe�Ol 3 . 54 4 . 92 1 . 3 8 1 . 25  
MgO 1 5 .44 2 1 .47 6.53 4 .98 
CaO 1 8 .04 42.85 7 .38 1 0.66 
!Na20 0.57 0 .87 0 .36 0. 1 5  
K20 0.05 0 . 1 3  0 .02 0.03 
P- 5 0.05 0 .9 1 0.02 0.02 
Ml1 280.44 3 7 1 .0 1  1 32 .58  90.56 
As 8.97 1 5 .56 3 . 36  4. 1 4  
Ba 4.56 6.93 2.62 1 .29 
Cd 0.26 0.4 1 0. 1 1 0. 1 0  
Co 1 3 . 5 1 1 7.68 7 .2 1 3 . 00 
Cr 92.26 1 38. 1 3  23 .22 44. 1 1 
Cu 7.77 1 1 .75 1 .93 3.67 
lMo 1 5. 7 1  2 1 .5 1  6.03 5.53 
�i 595 .6 1  892 .37  250.47 233.5 1 
Pb 1 .77 3 .49 0.82 0.78 
Sr 775.68 1 78 1 .47 206.79 5 1 2.74 
V 2 1 . 1 8  33 .63 6.04 8.90 
Zn 1 6.42 23. 1 6  7.39 5.62 
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samples. The Gulf of Oman sediments are rich in chromium. There is a wide variation in the 
Cr value with a high standard deviat ion of  44. 1 1  Cf. I t  ranges from 23.22 ppm to 1 38 . 1 3  
ppm which are recorded at Kh4 and Kb l l ,  respectively. The average value of Cr is 92.26 
ppm. 
opper and mo l bd num concentrat ions show wide di fferences in t he analyzed samples with 
tandard deviation values of .67  and 5 . 53 ,  respect ively. The maximum alue of Cu is 1 1 .75 
ppm ( Kb6) and the m in imum value is J . 93 ppm ( Kh4) with an average value of 7 .77  ppm 
lL 10 lyhdenunl ranges hct wcen 2 1 . 5 1  rpm and 6.03 ppm which are found at Kh9 and 
Kh_ , rcspect i \ el) with an a erage v a lue of 1 5 . 7 1  ppm t-. 1 o . 
Tickel con entrations fluctuate in the studied samples with a maximum value of 892 .37  
ppm ( Kh9) and a nunjmum val ue o f  250.47 ppm ( Kh3), whereas the average value of Ni  is 
595 . 62 ppm. The standard deviation value is very high (233 . 5 1 ), which reflects great 
variations in i concentrat ion alues. 
Lead concentrations range between 3 .49 ppm and 0.82 ppm which are measured in Kb6 and 
Kh l ,  respectively with an average value of 1 . 77 ppm Pb. 
Strontium concentrations show very wide variations in the studied samples from the Gulf of 
Oman coast with a high value of standard deviation (5 1 2 .74). It ranges between 1 78 1  ppm, 
which is recorded at Kh3 and 206 ppm at Kh7 with an average value of 775 .68 ppm Sf. 
Both vanadium and zinc concentrations show large differences in the analyzed samples 
which are reflected in the high values of  standard deviation 8 .90 and 5.62, respectively. The 
maximum value of V is 33 .63 ppm, which is found at KhS, while the minimum value is 6.04 
ppm at Kh4 with an average value of 2 1 . 1 8  ppm V. On the other hand, Zn ranges between 
23. 1 6  ppm (Kh6) and 7.39 ppm (Kh3) with an average value of 1 6.42 ppm Zn. 
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3.3.2 A ra bia n G ulf Coast sed imen ts 
able (3 . 1 1 )  sh w the concentrat ions of orne major oxides (wt%) and trace metals (ppm) 
in the ediment of the studied sites a long the Arabian Gulf tatist ical parameters for major 
and trace metal in the ed iment of the Arabian Gulf  are hown in Table (3 . 1 2) .  
3.3.2 A. M ajor  ox ide 
S i l ica concentrat ion range between 30.3 1 %  and 47 .09%, which are found in Ras2 and Aj l ,  
resrect ive l) . TIle average vallie o f  , i02 is 36 . 8 8°'0' wherea the standard de\. iat ion va lue i .  
4.94.  Both a lum inum and iron ox ides arc fo unt.! in , cry low concent rat ions in t he sediments 
of the Arabian Gulf coast . Aluminum oxide concentrations show a narrow range from 
0.04% ( Ra 2) to 0. 1 4% ( j2) with an average value of 0 .07% Ah03 . 
Iron oxides concentrations ranged between 0.04%, (Sh l ), and 0. 1 8% ( Aj2) .  The average 
value of Fe20J is 0. 1 0%. The maximum value of magnesium oxide is 1 .09% wIllie the 
minimum value is 0.72%, which are recorded in Du2 and Sh l ,  respect ively. The average 
value of MgO concentrations in the sediments of the Arabian Gulf is 0.9 1 %. Calcium oxide 
concentrations are very high and reach about half the weight percent of the analyzed 
samples with an average value of 58.53% CaO. It fluctuates from 48.89% (Aj l )  to 64.55% 
Cao (Ras2). 
There are wide differences between CaO concentrations in the studied samples with a high 
value of standard deviation (4.46). Sodium oxide concentrations show a narrow variation in 
the analyzed samples. It ranges between 0.5 1 %  and 1 . 1 1 %  NaO, which are found at Ras4 
and Du2, respectively. The average value of Na20 is 0.88%. 
Potassium oxide concentrations are found in very low values with an average value of 0.045. 
The minimum value of K20 is 0.03%, which is recorded at both Ras2 and Shl ,  while the 
maximum value is 0.06% at Du2. 
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Table (3 . 1 1  ) . Major oxides and trace metals concentrations in the sediments of the coastal region of Arabian Gulf 
Z Ras AI-K ha imah Umm AI-Quwen Ajman Sharjah Dubai I Element Ras l Ras2 Ras3 Ras4 QuI Qu2 Qu3 Ajl Aj2 Shl Sh2 Dul Du2 
Major elements (wt%) 
Si02 33 .0 1  30.3 1 3 8 . 07 30.6 1 42.29 35 .73 39.87 47.09 40. 1 3  33 .23 36.65 3 5.59 36.75 
A1203 0.05 0.04 0 .08 0.05 0.08 0.09 0.09 0.09 0. 1 4  0.04 0.06 0 .05 0.08 
Fe203 0.09 0.08 0 . 1 6  0. 1 5  0.09 0.09 0. 1 2  0. 1 4  0. 1 8  0.04 0.08 0.04 0 .07 
MgO 1 . 0 1 0 .83 0. 99 0.95 0 .86 0.96 0.9 0.87 1 .08 0.72 0.73 0 .77 1 .09 
CaO 63 . 78 64.56 55 .74 63 . 1 7 53 .42 59.64 56.42 48.89 56.2 60.9 59.04 6 1 .49 57.68 tNa20 0.5 1 0 .52 0 .67 0.5 1 0 .57  0 . 78 0.7 0.72 0.66 0 .69 0.65 0.78 1 . 1 2  
K20 0.03 0.03 0.05 0.03 0.04 0.05 0.05 0.05 0 .05 0.03 0.04 0.04 0.06 
P205 0.03 0.03 0.04 0 .03 0.05 0.06 0.05 0.05 0.06 0 .05 0.05 0.04 0 .05 
Trace elements (rmm) 
Mn 28 .9 1 26.03 37 .79 27 .06 29.79 35 .2 43 . 1 8  37.6 73 .63 1 5 .77 2 1 .98 1 5 . 3 5  30.2 
As 0.88 0 .76 1 . 68 1 . 1 2  1 .04 1 . 78  1 .3 8  1 . 1 8  1 .6 1  0.98 1 . 1 7  1 . 1 3  1 . 1 8  
Ba 1 0 .44 1 0 .62 9 .96 7 .22 1 2 .4  1 7 .83  1 0 .57 9.94 9 .06 1 7 .48 1 7 . 33  8 .04 8 .55  
Cd nd* nd nd nd nd nd Nd nd nd nd nd nd nd 
Co nd nd nd nd nd 0.04 0.03 0.2 0.08 0 .06 0.03 nd 0.08 
Cr 1 . 92 1 .98 4 .6 2 . 3 1  3 . 65 4.6 4.33 4 .7 6.08 2.27 2.75 2 .33  4 
Cu 0.3 1 0.26 0 .34 0 .49 0.26 0.28 0.29 0 .6 1  0.45 0 .22 0 .32 0.2 0.25 
Mo 6.64 5 .79 4.86 6.22 3 .55  5 .9 1  4 .2 3 .08 4.29 3 .59 2.42 3 .83  7 . 58  lN i 2 .04 1 .72 5 2.06 2 .32 2 .77 2.48 4.54 2 .58 1 . 56 1 . 88 1 . 54 2.77 
Pb 0.7 0 .65 0 .63 0 .52  0 .45 0 .7  0 .55 1 . 1 8  0.8 1  0 .6 1 0.42 0.4 1 0 .34 
Sr 223 l .23 203 1 . 37 2000.09 2006.27 4727 .73 5403 . 1 8  5 1 64.38 4729.9 6086.95 522 1 .82 5390.02 567 1 . 1 8  6 1 1 2.32 
V 2.25 2 . 1 2 3 .0 1 2 .42 2.25 2 .92 2.85 3 .22 4.88 1 .46 1 . 84 2 .04 3 .03 
Zn 2 . 1 9  1 .76 2.22 1 . 53 l . 5 1 .92 1 . 8 1  4.2 2 .85 1 .4 1 .44 1 .2 1  1 .9 - -
* n.d: not detected 
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Table (3. l 2). Statist ical parameters for major and trace metals in the sediments of  Arabian 
Gulf 
Arabian Gulf 
E lements Mean Maximum M inimum Std. De 
!S i02 6. 88 47 .09 30.3 1 4.94 
IAI201 0.07 0. 1 4  0 .04 0.03 
FC201  0. 1 0  0 . 1 8  0 .04 0.05 
lI\ fgO 0.9 1 1 . 1 0 0 . 72 0. 1 2  
CaO 58 .53  64.56 48 .89 4 .50 
Na20 0.68 1 . 1 2 0.5 1  0 . 1 6 
K20 0.04 0 .06 0 .03 0.0 1 
P20S 0 . 04 0.06 0.03 0 .0 1 
Mn 32 .50 73 .63 1 5 . 35  1 4 . 86  
As 1 .22 1 . 78 0.76 0.3 1 
Ba 1 1 .50 1 7.83 7.22 3 .69 
Cd 0 0 0 0 
Co 0.04 0.20 0 0.06 
Cr 3 .5  6.08 1 .92 1 .33 
Cu 0.33 0.6 1 0.2 0. 1 2  
Mo 4.77 7.58 2.42 0. 1 5  
Ni 2.56 4.99 1 . 54 1 .07 
Pb 0.6 1 1 . 1 8  0.34 0.22 
Sr 4367.42 6 1 1 2.32 2000.09 1 649.39 
V 2.64 4.88 1 .46 0.86 
Zn 1 .99 4.20 1 .2 1  0.79 
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Phosphorus oxide is also present in very 10 alues. It reaches its highest alue at Aj2 with 
a concentration of 0.06% P20S, while the lowest value is recorded at Ras l which is 0.03% 
P20S. The average value of P20s is 0 .04%. 
3.3.2 B. Trace metal  
Mangane e oncentrat ions show wide ariations in the analyzed ampJes with a high value 
[ standard dc\ iat ion ( 1 4 .68) .  It ranges between 1 5 . 35  ppm and 73 .63 ppm Mn, \ hich are 
recorded at Du J and j2.  respect ively. The averagc value o f  Mn is 32.50 ppm. The values 
o f  concentrat io ns are re  tr icted bet\\ cen 0 . 76 ppm ( Ras2 ) and 1 . 78 ppm ( Qu2 ) wit h an 
average value of 1 .22 ppm As. Barium concentrat ions fluctuate in t he tudied samples with 
a tandard de\iat ion value of 3 .69. The maximum value of Ba is 1 7 . 83  ppm, which is 
measured at Qu2, while t he minimum value is  7.22 ppm Ba at Ras4. The average va lue of 
Ba is 1 1 . 50  ppm. Cadmiwn is not detected in a l l  t he studied sites along the Arabian Gulf 
coast because it is below the detection limit . 
Cobalt concentrations are detected in few sites with a maximum value of 0.20 ppm in Aj l 
and a minimum value of 0 .03 ppm Co in Sh2. The average value of Co is 0.07 ppm 
Chromium concentrations range between 1 .92 ppm (Ras l )  and 6.08 ppm (Aj2) with an 
average value of 3 .50 ppm Cr. Copper concentrations show slight differences in t he studied 
sites with a low value of standard deviation (0. 1 2) .  The highest value is 0.6 1 ppm, which is 
recorded at Aj l while the lowest value is 0.20 ppm Cu in Du2. The average value of Cu is 
0.33 ppm. Molybdenum concentrations range between 2.42 ppm and 7.58 ppm, which are 
measured in Sh2 and Du2, respectively with an average value of 4.77 ppm Mo. On the other 
hand, Ni concentrations are limited between 1 .54 ppm and 4.99 ppm, which are recorded at 
Du l and Ras3, respectively. The average value ofNi is 2.56 ppm. 
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The concentrations of Pb are very small in all sites and range between 0.34 ppm (Du2) and 
1 . 1 8  ppm (Aj I )  with an average value of 0. 1 6  ppm Pb. There are large variat ions in the 
distribut ion of r in  the studied sites with a high value of standard deviat ion ( 1 649.39). The 
maximum value is 6 1 1 2  ppm, m asured in Du2, while the minimum value is 2000 ppm Sr in 
Ras3 . The average value o f Sr is 4367 ppm . 
Vanadium concentrations range between 1 . 46 ppm and 4 .88 ppm, which are recorded at h I  
and Aj2, re pectivel . The average alue f V is 2.64 ppm. The maxin1um value of Zn is 
4 .20 ppm. \\ h ieh is ree rded in  j I .  \\ h i le the min inlLl ll1 va l ue is 1 . 1 2  ppm in Du l wi t h  an 
a\ erage yaIue of 1 .99 ppm Zn.  
Fig. (3 ._2) how a compari on  between the variat ion in element abundance in the sediments 
along the Arabian Gulf and the Gulf of Oman coasts. There are high concentrations of Ca 
and Sr in the Arabian Gulf sediments compared to the Gulf of Oman, which reflect high 
abundances of carbonate fractions in the sediments of the Arabian Gulf On the other hand, 
the high concentrations of MIl, Ni, Cr, Cu, Zn, As, V, Mo, F20) and MgO in the Gulf of 
Oman are attributed to the nature of outcrops, which are dominated by ophiolitic rock 
exposures. 
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Fig. 3 .22 Variation of elements in the sediments along the Arabian Gulf and the Gulf of 
Oman coasts. 
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3.4 S B E LL TAXONOMY 
arbonate-secrct ing orgarusms d i  p lay a variety of shel l  that are d istributed a long t he 
Arabian Gulf coast and t he Gulf of  Oman coast . They are dominated by mol luscan shel ls, 
mainl) ga tropods and bivah e . Coral are aL f con iderable occurrences in add it ion to 
other organi rus whjch 0 cur in  les amounts.  
3.4. 1 G a s t ropod 
Gast ropods repre 'cnt the 111 t d minant organisms i ll both the Arabian Gulf and t he Gulf 
of man . They ar found in large numbers with high specific and generic d iversity. The 
pre ent study reveal that gastropods are more d iversified along t he Gulf  of Oman coast 
than along t he Arabian G ulf One hundred twenty seven species belong to 37 families are 
found in t he studied sites o f  bot h  gulfs . One hundred and t hree species are identified from 
the Gulf of Oman (Table 3 . 1 3), whereas 50 species are identified from the studied sites 
along the Arabian Gulf (Table 3 . 1 4). Twenty six species are common between the two 
gulfs. 
Total Arabian Gulf of Common specIes only speCIes only 
number Gulf Oman species present in the present ill Gastropods speCIes species Arabian Gulf the Gulf of specIes Oman 
1 2 7  50 1 03 26 24 77 
3.4.2 Biva lves 
Bivalves follow gastropods in their diversity along both gulfs. They are more diversified 
along the Gulf of Oman coast than along the Arabian Gulf coast. E ighty eight species 
belong to 20 families are found in the studied sites of both gulfs. Fifty nine species are 
69 
identified from the Gulf of  Oman (Table 3 . 1 5) whereas 53 species are identified from the 
Arabian Gulf (Table 3 . 1 6). Twenty four species are common between the two gulfs. 
Total Arabian Gulf of Common speCIes only speCIes only 
Bi alves number Gulf Oman speCIe present ill present ill 
peC I spec Ies peCles the Arabian the Gu l f  of  
Gulf Oman 
88  53 59 24 29 35 
3 . 4 . 3  COl-a t 
CoraL are en 'ountered 111 few site \\ ith 10\\ speci fic diversity. S L'(teen spec Ies are 
de cribed in the studied sites of both th Arabian Gulf and t he Gulf of Oman. Seven 
specie are de cr ibed frorn the Gulf  of  Ornan ( Table 3 . 1 7), whereas 1 4  species are 
de cribed from the Arabian Gulf (Table 3 . 1 8 ) .  
Total Arabian Gulf of Common speCles only species only 
Corals number Gulf Oman species present ill present ill speCles specles the Arabian the Gulf of specles Gulf Oman 
1 6  1 4  7 5 9 2 
3.4.3 Other carbonate-secreting organisms 
Some other carbonate-secreting organisms are also associated with gastropods and 
pelecypods, in both the Arabian Gulf and the Gulf of Oman. In the Gulf of  Oman these 
organisms include Scaphodpods, Echinoderms and Arthropods. Whereas, in the Arabian 
Gulf they include Scaphopods, Echinoderms, Arthropods Cephalopods (Sepia) and 
Sponges. 
The distribution and abundance of these carbonate- secreting organisms along the Gulf of 
Oman are shown in Table (3. 1 9), while the distribution and abundance of  the carbonate-
secreting organisms along the Arabian Gulf coast are shown in Table (3 .20). 
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Table 3 . 1 3 . Distribution and abundance o f  Gastropods along the coastal regions of the Gulf of Oman. 
Gulf of Oman Coast 
Species Khor Fakkan Kalba Fujairah 
Khl Kh2 Kh3 Kh4 Kh5 Kh6 Kh7 Kh8 Kh9 Kh i O  Khl l Kh 1 2  
Perrinia stellata 2 
Rubritrochuspulcherrimus 8 2 1 6  
Clanculus pharaonius 2 x* 
Trochus (Infundibulops) fultoni 3 
Priotrochus obscurus 4 3 
Pseudominolia gradata 2 
Phasianella solida 1 
Tricolia fordiana 1 ,........ 
Nerita adenensis 2 7 t--
Nerita albicilla 1 7 x 
Rhinoclavis (Proclavql kochi 67 2 x 
Rhinoclavis sp. 408 35  1 3  
Terebralia palustris x x 
Turritella cochlea 3463 474 1 67 x 
Turritella columnaris 1 8  
Turritella fultoni 9 
Turritella maculata 2 
Turritella torulosa 1 55 1  220 
Turritella sp. 1 3  
Strombus (Canarium) fusiform is 2 
Strombus (Conomurex) decorus masirensis 2 27 
Strombus (Conomurex) persicus x x x x x 
Terebellum terebellum 5 1 
r:heilea_cicatr.icilSa. � L 'L  __ 
Table 3 . 1 3 .  Cont. 
Species 
Khl 
Cypraea clandestina 
C1P!aea grayana 
Cypraea Ideneri 
Cypraea turdus winckworthi 
Neverita (Neverita) peselephami 3 
Polin ices mammilla 
Natica pseustes 9 
Natica (Naticarius) alapapilionis 2 
Natice (Naticarius) manceli J 
Notocochlis sp. 2 
Eunaticina papilla 1 
Sigatica pomatiella 1 
Sinum quasimodoides 1 
Cymatium (Monop/ex) nicobaricum 
Niso venosa 1 
Hexaplex kuesterianus 4 
Murex sp. 2 
Muricopsis omanensis 1 
lvforula granulata 
Thais rugosa 1 
Ral!ana venosa 1 
Coralliophila persica 3 
Khor Fakkan 
Kh2 Kh3 Kh4 Kh5 
2 
1 
6 
5 
7 
1 2 
1 6  
5 
2 
Gulf of Oman Coast 
Kalba 
Kh6 Kh7 Kh8 
x 
x x 
x 
x 
Fujairah 
Kh9 KhlO Khl l 
x 
x 
Kh1 2 
x 
--
N t-
Table 3 . 1 3 . Cont. 
Species 
Khl 
Coralliophila rubrococcinea 1 
Mipus cf rosaceus 2 
Babylonia spirata 2 
Phos roseatus 2 
Nassarius (Nassarius) arcularia plicatus 3 
Nassarius (Nassarius) coronatus 3 
Nassarius (Niotha) albescens gemmuliferus 1 4  
Nassarius (Niotha) jactabundus 8 
Nassarius (plicarcularia)fissilabris 
Nassarius (Zeuxis) castus 1 
Nassarius sp. 1 5  
Fusinus arabicus 5 8  
Latirus pulchellus 5 
Perislernia layloriana 1 
Oliva bulbosa 44 
Ancilla (Sparella) castanea 
:Ancilla (Sparel/a) jarsiana 2 iAncilla (Sparella) ovalis 1 iAncilla (Sparel/a) scaphella 8 
Domiporta filaris 1 
Neocancilla circula 5 
Scabricola desetangsii 2 
K h o r Fakkan 
Kh2 Kh3 Kh4 
2 9 
2 7 
3 3 
1 
2 
3 
3 6 
8 1 1  
4 
1 
2 
Gulf of Oman Coast 
Kalba 
Kh5 Kh6 Kh7 Kh8 
x x 
Fujairah 
Kh9 Khl O Kh l l 
x 
Kh1 2 
x 
-
("'f"': 
r--
Table 3 . 1 3 . Cont. 
Species 
Kh l  
Ziba duplilirata 1 
Ziba pretiosa 1 
Costellaria ealiendrum 1 
Costellaria obeliseus 2 
Costel/aria stephanueha 1 
Merica me/anostoma 8 
Nipponaphera paueieostata 1 
Sea/ptia ardeularis 3 7  
Sea/ptia obliquata 
Sea/pda cf seafarina 6 
Conus ardisiaeeus 1 5  
Conus bosehorum 3 8  
Conus inseriptus 6 
Conus milesi 52 
Conus quereinus 
Conus tessulatus 2 
Crassispira cf flavidulus 1 0  
Inquisitor jlavidufus 4 
Inquisitor philotima 1 
Turrieula catena 
Turrieula nelliae spuria 8 
K bo r Fakkan 
Kh2 Kh3 
2 
7 
1 1 0  
2 2 
2 
4 
3 1 0  
1 27 
4 3 
1 
8 
2 
2 
1 
1 
4 2 
Gulf of Oman Coast 
Kalba 
Kh4 Kh5 Kh6 Kh7 Kh8 
Fujairah 
Kh9 KhlO Khl l Kh12  
� t-
Table 3 . 1 3 . Cont. 
I 
Species Khor  Fakkan 
KhI Kh2 Kh3 
Turricula tornata ju!minala 1 
Ptychobela griffithii 1 8  8 
Duplicaria duplicata 7 1  1 2  
Terebra anilis 1 
Terebra cinctella 1 
Terebra cingulifera 2 
Terebra juscobasis 25 1 5  
Terebra triseriata 2 
Architectonica perspectiva 2 2 
Heliacus (Torinista) cerdaleus 4 
Pyramidella sulcata 3 
Pupa a[finis 23 1 
Bulla ampulla 1 
Atys cylindrica 6 
*x:  present, without counting the number o f  the species. 
Gulf of Oman Coast 
Kalba 
Kh4 Kh5 Kh6 Kh7 Kh8 
Fujairah 
Kh9 Khl O  Khl l Kh12 
V) 
r--
Table 3 . 1 4 . Distribution and abundance of Gastropods along the coastal regions of the Arabian Gulf. 
Arabian Gulf Coast 
Species Ras A I- K h aimah Umm AI-Quwen Ajman 
Ras l Ras2 Ras3 Ras4 QuI Qu2 Qu3 Ai l Aj2 
Diodora Juniculata x* x 
Clanculus pharaonius x 
Trochus (Infundibulops) erithreus 2 
Trochus (InJundibulops) firm us x 
Priotrochus obscurus x 
Umbonium vestiarium 1 53 2 
Stomatella duplicata 
Turbo bruneus 
Turbo radiatus x 1 x 
Phasianella solida 
Nerita adenensis x 
Nerita albicilla 1 x 
Nerila lonKii x 
Cerithium caeruleum 1 4 
Rhinoclavis (Proclava) kochi 1 2  
Rhinoclavis sp. 4 
Potamides conicus 7 
Terebralia palustris x x 
Turritellafultoni 
Strombus (Conomurex) persicus 1 9  2 x 1 4 
Sharjah 
Shl Sh2 
x 
x 
x 
x 
x x 
Dubai 
Dul Du2 
1 
1 
27 5 
1 
1 0  8 
7 1 
8 
\0 r---
Table 3 . 1 4 . Cont. 
Species Ras AI- Kbaimab 
Ras l Ras2 Ras3 Ras4 
Cypraea felina fabula x 
Cypraea grayana x 
,Cypraea turdus winckworthi x x 1 
Neverita (Glossaulax) didyma 
Neverita. (Neverita) peselephanti x 
Polinices mammilla 1 
Niso venosa 
Hexaplex kuesterianus 1 
Murex sp. 
Cronia cf konkanensis 
Thais lacera 
Thais tissoti 
Rapana venosa x 
Nassarius (Niotha) deshayesianus 1 
Nassarius (Plicarcularia) persicus 1 
Bullia (Bullia) mauritiana x 
Bullia (Bullia) semiplicata 
Fusinus arabicus 
Oliva bulbosa I 2 90 
i,Ancilla (Sparella) castanea x 3 
IAncilla (Sparella) djiboutina 3 
Arabian Gulf Coast 
Umm Al-Quwen Ajman 
QuI Qu2 Qu3 Ajl Aj2 
x 
1 x 
x 1 
x 
x I 
x 
1 
x 
1 
x 
x 
2 1 x 1 
Sharjah 
Shl Sh2 
x 
x 
x 
x 
3 1 
Dubai 
Dul Du2 
1 
x 
2 
x 8 
1 
x 
7 1 0  
2 5 
---
r-­t--
Table 3 . 1 4 . Cont. 
Species Ras AI-Kbaimab 
Ras l Ras2 Ras3 Ras4 iAncilla (Sparella) farsiana 
Ancilla (Sparella) scaphella 1 
Domiporta granatina 1 
Conus flavidus x 
Conus tessulatus x 
Conus textile x 
Terebra loisae 1 iArchitectonica perspectiva 
Bulla ampylla 
-
*x :  present, without counting the number o f  the species. 
Arabian Gulf Coast 
Umm AI-Quwen A,jman 
QuI Qu2 Qu3 Aji Aj2 
x 
x x 
Sbarjab 
Shl Sh2 
x 
Dubai 
Dul Du2 
4 
I 
00 t-
able 3 . 1 5 . Distribution and abundance of Bivalves along the coastal regions of the Gulf of Oman. 
Gulf of Oman Coast 
Species Khor Fakkan Kalba 
! Khl Kh5 Kh6 Kh7 Kh8 Kh9 Kh2 Kh3 Kh4 
Acar ylicata 1 6 2 
Barbatia foliata x* x 
Barbatia obliquata x x x x 
Barbatia parva x 
Barbatia perinesa 1 IAnadara erythraeonensis 1 iAnadara ehrenbergi 3 
Anadara uropigimelana 6 x 
Scapharca indica 9 
Scapharca injlata 1 x x 
Scapharca natalensis x 
Striaca symmetrica 3 1 
Glycymeris livida 1 ] 
GlJ;£ymeris maskatensis 1 3  2 
Modiolus auriculatus x 
Pteria tortirostris 1 
Ostrea sp. x 
Chlamys senatoria 1 
Decatopecten plica 2 
Pecten dorotheae 1 
Spondylus marisrubri 1 iA-xinopsida sp. 88  
Fujairah 
KhlO Khl l Kh12 
x 
x 
0\ r---
Table 3 . 1 5 . Cont. 
Species Khor Fakkan 
Kh l Kh2 Kh3 
Cardites bicolor 4 
Bucardium coronatum 1 
Parvicardium sueziense 65 
Acrosterigma assimile 
Acrosterigma lacunosa IAcrosterif!:TYla maculosa 2 
'tAcrosterif,{ma sp. 4 
Fragum hemicardium 1 I 
Ctenocardia jornicata T 1 
Fulvia australe 1 
Fulvia jraf,{ile I 1 
Mactra aequisulcata 
Mactra lilacea 
Laciolina cf incarnata 1 
AcropaginuZa in/lata 1 
Pinguitellina pinguis I 33 
Tellinmactra angulata I 
Gari amethystus 1 
Circe rugifera 1 6  1 1 
Circenita callipYf,{a 1 
Gafrarium pectinatum 4 
Redicirce sulcata 360 
Gulf of Oman Coast 
Kalba 
Kh4 Kh5 Kh6 Kh7 Kh8 
x 
x 
x 
x x 
x 
x 
Fujairab 
Kh9 KhlO Khl l 
x 
x 
x 
x 
x 
-------
Kh12 
x 
x 
x 
x 
x 
x 
o 00 
Table 3 . 1 5 . Cont. 
Gulf of Oman Coast 
Species Khor Fakkan Kalba Fujairah 
Kh 1  Kh2 Kh3 Kh4 Kh5 Kh6 Kh7 Kh8 Kh9 KhlO  Khl l Kh12  
Tivela ponderosa x 
Callista erycina 2 x x 
Callista florida 1 6  1 
Lioconcha ornata 6 
Dosinia contracta 9 
Dosinia erythraea x 
Dosinia histrio 2 4 1 
Dosinia tumida 3 
Dosinia sp. 2 
Tapes bruguierei x 00 
Marcia marmorata 1 x x 
Paphia undulata x 
Bassina calophylla 1 4  1 
Timoclea arakana 42 
Corbula taitensis 7 
Table 3 . 1 6 . Distribution and abundance of Bivalves along the coastal regions of the Arabian Gulf. 
Species Arabian Gulf Coast 
Ras AI-Khaimah Umm AI-Quwen Alman 
Ras l Ras2 Ras3 Ras4 Qui Qu2 Qu3 Aj1 Aj2 I,Acarplicata x* 6 4 4 2 
Barbatia decussata x x x x 
Barbatia foliata x x 
Barbatia obliquata x 9 4 22 
Barbatia setigera x I 5 
Anadara ehrenbergi x 2 x 1 
Anadara uropigimelana x 1 5 1 5 
Scapharca injlata x 
Glycymeris maskatensis x 
Glycymeris pectunculus 3 9 3 3 
Glycymeris cf arabica x 29 26 x x 
Modiolus auriculatus x x 
Pinctada radiata x x x x x 9 640 
Malvufundus regula x 
Lopha cristagalli x 
Dendrostrea frons x 
Saccostrea cuccullata x x 
Chlamys livida x x 3 x 
Spondylus gloriandus x 
Spondylus marisrubri x x 2 2 1 
Ctena divergens I,Anodontia edentula x 
Sharjah 
Shl Sh2 
4 x 
x x 
x x 
x x 
2 x 
1 6  3 
1 2  4 
x 1 
x x 
x x 
Dubai 
Dul Du2 
26 
I x 
x 2 
3 1 
6 1 
284 47 
33 
2 
1 x 
2 1 
0-l 00 
Table 3 . 1 6 . Cont.  
Species 
Ras A l- K haimah 
Rus l Ras2 Ras3 Ras4 
Divalinga arabica 
Chama aspersa 
Chama brassica x x 1 
Chama reflexa 
Beguina gubernaculum x 1 1 
Cardita crassicosta 
Cardites bicolor I x 1 5  
Acrosterigma lacunosa x 3 
Acrosterigma sp. 
Mactra lilacea 
Mactra rochebrunei 7 
AsclJZhis violascens x x 
Circe intermedia 1 
Circe rugifera 2 1 8 
Circe scripta 
Circenita callipyga x 5 
GaJrarium pectinatum 
Periglypta puerpera x 
Redicirce sulcata 
Sunetta donacina 
Sun etta effossa 
Tivela ponderosa 5 
Arabian Gulf Coast 
Umm Al-Quwen Ajman 
QuI Qu2 Qu3 Ajl Aj2 
x 1 2 
2 2 
x 9 
14  2 2 6 
9 1 1 1 
1 3  2 9 4 
7 
7 4 1 9  5 
4 
x 
1 
1 6  
1 
Sharjah 
Shl Sh2 
x 
x x 
x 
4 x 
4 
45 27 
x 
x 
1 
x x 
Dubai 
Dul Du2 
2 5 
7 
3 1 
1 x 
3 8 
2 x 
x 
M 00 
Table 3 . 1 6. Cont . 
Species 
Ras AI- Khaimah 
Ras l Ras2 Ras3 Ras4 
Pitar hebraea I 
Callista erycina x 
Callista jlorida 
lDosinia erythraea Iposinia tumida 2 
Tapes sulcar ius 
Warcia jlammea 
Timoclea arakana 
Corbula taitensis 
* x: present, without counting the number of the species. 
Arabian Gulf C-oast 
Umm AI-Quwen Ajman 
QuI Qu2 Qu3 Aji Aj2 
x 
60 I 2 
1 3  I 
x 
x 1 
I 
Sharjah 
Sh l Sh2 
2 x 
6 3 
x x 
Dubai 
Dul Du2 
3 
1 "<:t 00 
Table 3 . 1 7 . Distribution and abundance of Scleractinian corals along the coastal regions of the Gulf of Oman. 
Gulf of Oman Coast 
Species Khor Fakkan Kalba Fujairah 
Kh l  Kh2 Kh3 Kh4 Kh5 Kh6 Kh7 Kh8 Kh9 Khl 0 Khl l 
Montastrea curta 1 
il cropora formosa 5 1 
Acropora horrida 24 1 1  
Stylophorapistillafa 4 
Favia lizardensis 1 
F avites peresi 1 
Goniastrea pictinata 1 x 
*x :  present, without counting the number of the species. 
Kh12 
x* 
I.(') 00 
Table 3 . 1 8 . Distribution and abundance of Sc1eractinian corals along the coastal regions of the Arabian Gulf. 
Species Arabian Gulf- Coast 
Ras AI-Khaimah Umm AI-Quwen Ajman 
Ras l Ras2 Ras3 Ras4 QuI ' Qu2 Qu3 Aji Aj2 
A cropora formosa x * x 
Acropora horrida x x x x x . 
Stylophora pisfillata x 
Madracis kirby; x x x 
Favia lizardensis I x 3 3 
Favia matthai x x 2 
Favifes abdita x x 
Favites pentagona 2 
Favites peresi x 
Goniastrea retili[ormis x x x 
Leptoria phrygia x x x x x 
Pleistrea versipora 
Coscinaraea columna x x x 
Porites compressa 2 
· x: present, without counting the number of the species. 
Sharjah 
Shl Sh2 
x x 
Dubai 
Dul Du2 
68 2 
x 
x 
\0 00 
Table 3 . 1 9 . Distribution and abw1dance of other carbonate secreting organisms along the coastal regions of the Gulf of Oman. 
Gulf of Oman Coast 
Species Khor Fakkan Kalba Fujairab 
Khl  Kh2 Kh3 K.b4 Kh5 Kh6 Kh7 Kh8 Kh9 Khl 0 Khl l Khl 2  
Dentalium octangulatum 83 24 1 x 
Dentalium tomlini 1 
Fissidentalium cf perinvo!ulum 5 
Graptacme acicula 2 
Graptacme acutissima 2 
Laevidentalium longitrorsum 1 5  3 
Balanus (Arthropoda) 456 1 0  
Echinoid spines (Echinodermata) 25 
Table 3 .20. Distribution and abundance of other carbonate secreting organisms along the coastal regions of the Arabian Gulf. 
Species Arabian Gulf Coast 
Ras A I-K baimah Umm AI-Quwen Ajman Sbarjab Dubai 
Ras l Ras2 Ras3 Ras4 QuI Qu2 Qu3 Ajl Aj2 Shl Sh2 Dul Du2 
Dentalium octangulatum 3 x x 32 5 
Sepia pharaonis x x 
Sponge x x x x 
Serpulid worm tubes x x -
*x: present, without COW1ting the number of the species. 
t"­oo 
Because of the large number of species encountered in both gulfs, some common species 
are e lected for a detailed de cript ion. as fo llow: 
I. Gastropods 
Umhonium vestiarium ( Linnaeus. 1 758 )  
( PI .  1 ,  Fig. 9)  
1aterial :  27  spe imens from Ou 1 ,  5 from Du2.  2 from Aj 1 ,  I from Ras2, 5 3  from Ras4 
and , h I  . 
Diag,ll()sis :  
rhe she l l  is t h ick.. g lossy. compre sed-t rocho idaL much broader t han long, about 7 whorl 
with appre sed sutures are pre ent . Periphery rounded or keeled, umbil ical area filled by 
broad cal lus pad extend ing to  t he columel la. Shell surface is  smooth .  She l l  co lor is white, 
pink, gray. brov.n or purple. 
Cerilhium caeruleum Sowerby, 1 855  
(PI. 1 ,  Fig. 1 9) 
Material: 1 specimen from Ras 1 ,  4 from Ras2, 7 from Du 1 and 1 from Du2 .  
Diagnosis: 
The shell is thick, almost biconical and with shallow sutures. Fine, unevenly spaced striae 
cross low or elevated nodules. The siphonal canal is short and narrow. The outer lip is 
weakly corrugated or smooth. Shell color is yellowish with grayish- blue or brownish 
spiral blotches. 
Rhinoclavis sp. 
(PI. 1 ,  F ig. 2 1 )  
Material : 408 specimens from Kh I ,  35 from Kh2, 1 3  from Kh3 and 4 from Ras4. 
Diagnosis: 
88 
The hell is o Iid, elongate and with squarish aperture. Columella has 2-3 folds. 2-4 
nodulou piral cord per pire whorL hell color is white with brown spiral bands. 
Turri/ella cochlea Reeve, 1 849 
( PI .  1 ,  Fig. 24 
Materia l :  463 peClffien from Kh t ,  474 from Kh2, 1 67 from K h3 and Kh I 2C. 
Diag nosis: 
Th she l l  i t h in, semi-t ran l ucent and \ i thout umbi l ic us. Aperture is c ircu lar and with a 
"harp t h in- edge. V,'horls are rou nded \\ i t h  a _ t ro ng, sharp. med ian keel and an equalJy 
st rong ked j ust a bo ve t he succeed ing suture. he l l  co lor is yel Jo\  ish white wit h brown 
mo t t ling and tripes. 
Turritella torulosa K iener, 1 843 
(P I .  2, F ig. 2) 
Material: 1 55 1  specimens from Kh I  and 220 from Kh2 .  
Diagnosis:  
The shell is heavy, strong, broad and without umbilicus. Aperture is almost circular. 
Whorls are rounded with strong, sharp, median keel and an equally strong keel just above 
the succeeding suture. Shell color is brown. 
Strombus (Conomurex) persicus Swainson, 1 82 1  
(PI. 2, Fig. 6) 
Material: 2 specimens from Qu I ,  1 from Qu3, 8 from Du2, 4 from Aj I ,  1 9  from Ras4, 
Kh6C, Kh7C, Kh8C, Kh9C, Kh I 2C, Qu2C, Sh I C  and Sh2C. 
Diagnosis: 
The shell is heavy, dull and with a short, pointed spire. The last whorl is triangular in 
outline. The outer lip is thin-edged with a shallow stromboid notch. Shell surface is 
89 
covered with fine axial striae. Shell color is white with pale brown streaks and with 
interrupted spiral bands. 
ypraea turdu winc/o1'Orthi Schilder and childer, 1 93 9  
( PI .  2, Fig. 1 3 ) 
Material :  6 p cimens from Kh3,  I from Qu I ,  1 from Ras4, 1 from Du2, Kh7C, Kh8C, 
Kh C, Kh L " Qu2 " Ras l C, Ras2 , and Sh2 . 
Diagno i : 
The she l l  is Ill'H\ : .  rounded t o  ovate wi th  heavy cal lus  deposi ts ,  usua l ly l ipped marg ins and 
a�llo t nat basco Teeth arc sho rt .  coar c and deep et in a broad apert u re .  hel l  co lor is 
white or cream u uaI ly st ipped with i rregular brown spots which are larger on margins; 
base and teet h are \-vhit . 
Hexaplex kueslerianus (Tapparone-Canefri .  1 875)  
(Pi. 2,  F ig .  26) 
Material :  4 specimens from Kh l 1 6 from Kh3 , 1 from Ras4, 1 from Aj l ,  2 from Du2, 
Kh9C and Qu I C. 
Diagnosis: 
The shell is thick, heavy and with a short spire. The last whorl is angled at shoulder. Last 
whorl bas up to 8 thick, spineless varices. Siphonal canal is recurved, narrowly open, with 
strong spine on aperture side. Shell surface is covered with coarse spiral cords. Shell co lor 
is off-white. 
Fusinus arabicus (Melvi l l, 1 898) 
(PL 3, Fig. 25) 
Material: 58 specimens from Khl ,  3 from Kh2, 6 from Kh3 and Qu l C. 
Diagnosis: 
90 
covered with fine axial striae. Shell  color IS white with pale brown streaks and with 
interrupted piral band . 
ypraea 'urdus winckworthi childer and Schi lder, 1 939 
( PI. 2, F i g .  1 3  
Materia l :  6 specimens fTom Khl .  1 from Qu I ,  I from Ras4, I from Du2, Kh7C, Kh8C, 
Kh9 , Kh 1 2C , Qu�C, Ras l , Ra 2C , and h2C.  
D iagnosis: 
The she l l  i .  hen,') . rounded to ovate \.\ it h hea\ _ cal lus deposits, usual ly l ipped marg ins and 
almo t flat hase. Teeth arc short . coar c and deep set in a broad apert ure.  hel l  color is 
white o r  cream u ual ly t ipped with irregular brown pots which are larger on margins ; 
base and t eet h are whi te ,  
Hexap/ex kueslerianus (Tapparone-Canefri,  1 875) 
( PI. 2, Fig.  26) 
Material: 4 specimens from Kh l ,  1 6  from Kh3 , 1 from Ras4, I from Aj l ,  2 from Du2, 
Kh9C and Qu 1 C. 
Diagnosis: 
The shell is thick, heavy and with a short spire. The last whorl is angled at shoulder. Last 
whorl has up to 8 thick, spineless varices. S iphonal canal is recurved, narrowly open, with 
strong spine on aperture side. Shell surface is covered with coarse spiral cords. Shell color 
is off-white. 
Fusinus arabicus (Melvil l, 1 898) 
(PI. 3, Fig. 25) 
Material: 5 8  specimens from Kh l ,  3 from Kh2, 6 from Kh3 and Qu l C. 
Diagnosis : 
90 
The shell is lightweight narrow, spindle shaped and with rounded or slightly angulate spire 
whorls. I t has axial ribs on spire whorls, cro sed by thin spiral ridges. Columella is 
smooth. hel J  color is brown with paler spiral ridges; colwnelJa and aperture are white. 
Oliva bulbosa ( Roeding, 1 798 ) 
(P I .  4, Fig. 3 )  
Mat ria l :  4 4  pec imens from Kh L 8 from Kh2, 1 1  from Kh3 , 2 from Qu I ,  1 foml Qu2, 1 
fr m Ra L � from Ra 2,  90 hom Ras4. 1 from Aj I ,  3 [rom h I ,  1 from Sh2, 7 from D u l  
a.nd 1 0  thm Du::? K h 7C K hRC.  K h9C K h  1 2  and Qu3C. 
Diagno i ' :  
The hell i thick ,  heavy, ovate, smooth, short spired and with deeply grooved sutures. 
helJ color is very variable, white, cream., gray, green, brown and black,  with blotches, 
ZIgzag and spiral bands, co l umel la  i white . 
Duplicaria duplicate ( L innaeus, 1 75 8 )  
( PI. 5 ,  Fig. 1 3) 
Material: 7 1  specimens from Kh l and 1 2  from Kh2 .  
Diagnosis: 
The shell is solid, glossy and the whorls are slightly stepped at sutures. Protoconch is 
globular and consists of t wo smooth whorls. Whorls have strong axial ribs and spiral 
subsutural grooves resembling a secondary suture on each whorl. Outer lip is thin. Shell 
color is white cream, brown or bluish with pale spiral bands containing brown spots. 
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I I . Bivalvies 
Acar plicala (Di l lwyn, 1 8 1 7) 
( PI. 6, Fjg. 1 )  
Material : I p c imen from Kh L  6 from Kh2, 2 from KbJ , 26 from Du L 4 from h I ,  6 from 
Ras4. 2 fr ill Aj I , 4 from Qu 1 ,  4 from u2, Ra I C and Sh2e. 
Diagnosi : 
ubrectangu lar hel l which i anterior! reduced. Ta odont dent it ion. Sculpture  coarse 
and ('onsi, ts o f Jame l lae crossed by rad ia l  r ib lets. , he l l  co lor is \\ h i te  to l ight orange. 
Borbafia oblhjuata ( Wood , 1 828)  
( PI .  6, Fig. 4) 
1aterial :  1 specimen from Du I ,  9 from Qu I ,  4 from Qu2, 22 from Qu3 . Kh7C, Kh8C, 
Kh9 , Kh 1 2C Ra I e. Sh l C. S h2C and Du2e. 
D iagnosis : 
Mytiliform shell with taxodont dentition. Sculpture consists of many riblets which are 
more prominent posteriorly. Shell color is white tinged with brown posteriorly. 
Periostracum consists of brown appressed lamellar bristles. 
Anadara uropigimelana (Bory de St. Vincent, 1 824) 
(PI. 6, Fig. 1 0) 
Material: 3 specimens from Du l ,  I from Du2, 2 from Shl , 1 from Ras4, 5 from Qu I ,  1 
from Qu2, 5 from Qu3, 6 from Khl ,  Kh9C , Ras l C and Sh2C. 
Diagnosis: 
Shell subquadrate, almost as high as long and slightly inequilateral. Ligament with outer 
chevron only. Taxodont dentition. Sculpture consists of about 30 broad, low nbs, punctate 
around umbones, straight ventrally, interspaces narrow. Shell color is white. 
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Glycymeri pectunculus ( Me lv i l l , 1 897) 
(PI . 6, Fig. 1 7) 
M aterial: 6 specimens from Du 1 ,  I from Du2, 1 6  from h I  3 from Sh2, 3 from Ras4, 9 
from Qu 1 ,  3 from Qu2 3 from Qu3 . 
Diagn i :  
hel l  subcircu lar. cu lpture consi [ o f  about 20 rather broad, high rounded r ibs crossed 
by c lo el) paced concentric l ine '. H inge strongly arched. I nner margin is strong ly 
crenu late. , he l l  co lor is o IT- \\ hi te crossed by irregular bands of buff and brown 
(J�vC)'fl1eris cf arabica 
( PI .  6, F ig . 1 8 ) 
faterial : �84 spec imens from Du l ,  47 from Du2. 1 2  fonn Sh l ,  4 from Sh2, 26 from Qu I ,  
29 from Ra 4, Qu2C, Qu3 and Ras l C. 
D iagno is: 
Shell is subcircular. Sculpture consists of about 30 low, closely spaced, radial ribs, all 
incised by radial grooves and pitted by insertion marks of periostracal bristles. Hinge 
strongly arched. Inner margin is crenulate. Shell color is white with reddish brown to dark 
brown markings. 
Beguina gubernaculums Reeve, 1 843 
(Pl. 7, Fig. 1 8) 
Material: 3 specimens from Du l ,  1 from Du2, 1 from Ras2, 1 from Ras4, 1 4  from Qu l ,6 
from Aj 1 ,  2 from Qu2, 2 from Qu3, Ras 1 C, Sh l C and Sh2C. 
Diagnosis: 
Shell is compressed, modioliform, greatly expanded posteriorly, anterior area small. Beaks 
subterminal Sculpture consists of bread rather flat radial ribs incised by radial grooves. 
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Hinge with long, arching posterior cardinal teeth. hel l  color is brown with paler anterior 
ar a. 
ardile bicolor (Lamarck 1 822) 
(P I .  7 Fig. 20) 
Material :  4 pecirnens from Kh l 1 from Du l ,  4 from h I ,  1 5  from Ras4, l from Aj l ,  9 
from Qu I ,  1 from Qu2, 1 from Qu3, Kh7C, Ra I C, h2C and Du2C. 
Diagno j ' :  
, 'hel l  i . .  ulxn ate \\ i th  high in 1lated LImb ne, and is heavy. cu Jpture consi ts of 22-30 
broad, flat - topped . rad ial ribs. H inge wi th long. arch ing posterior card inal leeth. I nner 
margin is deepl crenu late. hel l  color is white with various amounts of brown- black 
blotching. 
A cros/erigma lacunose C Ree e, 1 845 )  
(PI. 8 Fig. 2 )  
Material: 3 specimens from Du l ,  8 from Du2, 4 from Sh l ,  3 from Ras4, 4 from Aj l ,  1 3  
from Qu I ,  2 from Qu2, 9 from Qu3, Kh7C, Ras I C, Ras2C and Sh2C. 
Diagnosis: 
Shell is moderately thick, ovate and is higher than long. The umbones are prominent. The 
hinge is well developed with two cardinal teeth in each valve, single lateral in the left and 
paired in the right valve. Sculpture consists of 3 1 -35  radial ribs, posterior 6-8 with 
oblique, slightly twisted, lamellar spines. Externally the shell color is cream with zones, 
patches and spots of ochre, internal margin reddish to purple- brown. 
Mactra lilacea Lamarck, 1 8 1 8  
(PI. 8, Fig. 1 0) 
Material: 5 specimens from Aj I ,  7 from Qu I ,  4 from QU2, 1 9  from Qu3, Kh7C, Kh8C, 
Kh9C and KhI 2C. 
94 
Diagnosis: 
hell is subovate to t rigonal. Posterior dorsal slop is convex; anterior margin is somewhat 
narrowed. I nternal ligaments are present. The hinge is well developed with cardinal teeth. 
culpture weak and consi ts of irregularly spaced concentric ridges and lines. hell color 
i white to purple- bu ff, either unifonn or with rad ial rays, wnbones always purple inside 
i '  hite to  deep purple. 
Circe rug((era ( D i l lwyn, 1 8 1 7) 
( PI .  8 .  Fig. 1 9 ) 
1ateria l :  1 6  pec imens from Kh l ,  1 from Kh2, 1 from Khl , 2 from Du l ,  45 from Sh l ,  27 
from Sh2, 2 1 8  from Ra 4, 4 fr m Qu I .  Kh8C, Kh9C, Kh 1 2C and Du2C. 
Diagno i : 
hell is very heavy subovate- t rigona l .  Beaks almost central. Anterior more broadly 
rounded than posterior. Umbonal disc large with d ivaricate ribs. External l igaments. The 
escutcheon is well developed. The lunule is narrow. The hinge is well developed with 
three cardinals and anterior lateral in each valve. Sculpture consists of narrow concentric 
ridges. The pallial sinus is short . Shell color is beige with dense darker zigzags. 
Callistaflorida (Linnaeus, 1 758) 
(PI. 9, Fig. 8) 
Material : 1 6  specimens from Kh2, I from Kh3 , 3 from Du I ,  6 from Sh 1 ,  3 from Sh2, 60 
from Qu I ,  1 from Qu2 and 2 from Qu3 . 
Diagnosis: 
Shell is subovate but less oblong. Posterior margin more acute. External ligaments. The 
escutcheon is well developed. The lunule is cordate. The hinge is well developed with 
three cardinals and anterior lateral in each valve. Sculpture consists of distinct, regularly 
spaced, flat, concentric ridges, most prominent anteriorly but occasionally absent from the 
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posterior slope. The pallial sinus is broad but short . Externally the shell color is variable, 
cream to beige, overlain by sparse or dense radial ray , blotches lines, or interrupted rays 
in shades of brown or mauve- brown, inside is white. 
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CHAPTE R 4 
DISCUSSION 
4. 1 G ra i n  Size Distri bution 
The a erage grain size distribut ion of  the sediment reveals that the Arabian Gulf coastal 
ediment are mainl, dominated by coarse sand, whereas medium and is more abundant 
in t he sed iment of the Gulf  o f  Oman. This re u l t  indicate that the Arabian Gulf 
ed iment are coar cr than those o f  Gulf o f  Oman sed iments . This phenomena may be 
re lated to t he source of suppl) . where t he Gu lf  of  man sed iments are derived main ly from 
the Oman A 10unla ins. rhcse mountains are mainl) composed of Ie s lable Ill inera ls uch 
as pyroxenes and oIi\ inc. This i '  upported by the ,\ ork or E I - Sayed ( 1 999) \\ ho stated 
t hat there are t hree potential sources o f  intert idal sediments in the Eastern Coast of the 
UAF.  They are ( 1 )  ero i n o f  the Hawas ina Group and Ophio l i t ic rocks. ( 2 )  biochemical 
prec ipitat ion fi-om ea water and ( 3 )  aeo l ian sediment . On t he other hand, sediments  in  
the Arabian Gulf coast are predominatly of  a shallow marine origin. X-ray diffract ion 
analysis reveals that calcite and aragonite are the major minerals in the sediments of the 
Arabian Gulf Coast . Basaham and El-Sayed ( 1 997) reported that there are two major 
sediment types in the Arabian Gulf: ( 1 )  a terrigenous, fine-grained and AI-rich type 
predominating along the I ranian side; and (2) a coarse-grained and carbonate-rich type 
predominating along the Arabian side of  the Gulf 
Sorting values show some similarities for the sediments in both gulfs. Generally, the 
sorting of these sediments is poor. The similarities in the sorting values in both gulfs may 
be related to several parameters such as size range in the source rocks, extent of 
weathering, distance of transportation and the energy variation of the depositing agents. 
The Arabian Gulf sediments and the sediments of the Gulf of Oman are coarse skewed. 
The Arabian Gulf and the Gulf of Oman sediments have leptokurtic frequency curves. 
The great similarities between sediments of both gulfs in sort ing, skewness and kurtosis, 
may be due to the hort d' lance between the two gulfs. 
The relationship between the mean size and sort ing for the studied sediments of both gulfs 
are h wn in Fig (4 . 1  and 4.2) .  Tucker ( 1 990) mentioned that there is some covariance 
between mean ize and o rt ing. Both mean size and sort ing are hydraulically cont ro lled, so 
t hat i ll all ed imentary n irorunents t he best orted sediments have mean size in tbe flne 
and ize range ( GrilTiths, 1 967) .  ccording to  Edwards ( 200 I ) , most sands are wel l  
sorted to mouera te l;, )fted. F ine gra i n  d ' d imcnts arc a lmost moderate lv to \ve l i  sorted. 
\\ herea.s, coarse grained sed im nts are almost poorly o rled .  The d iagrams show t hat t here 
is a l ight ly po it i e correlation between mean size and sort ing. The d iagrams also reveal 
t hat the average siz s o f  sediments along the Gulf of Oman are smaller and more sorted 
t han tho e along t he Arabian Gulf Fig.  (4 .2 )  sho\ s that t he sedin1ents o f  Ras A l-Khain1ah 
are characterized by scattering of their plots due to the abundance of coarse coral and 
cryptocrystalline fragments (Table 3 .8) .  There is significantly decrease the positive 
correlat ion between the sorting and average grain size in the sediments of the Arabian 
Gulf. In  fact, coarse sands tend to be poorly sorted than fine sand. On the other hand, this 
positive relation between mean size and sorting is not sharp, this can be due to the nature 
of carbonate sediments which are formed within and not outside the basin o f  deposition. 
According to Milliman ( 1 974), carbonate sediments are born not made. This indicates that 
on the contrary of silicic lastic sediments, the grain size of carbonate sediments do not 
reflect the hydrodynamic conditions of their environment. A similar study accomplished 
by AI Qubaisi (200 1 )  on the Northern coastal area of the United Arab Emirates. She 
concluded that the absence of a distinct relationship between mean size and sorting of the 
grains is due to hydrodynamic factors such as c urrents. These currents do not affect the 
sorting of the carbonate sediments as well as the mean size of grains. 
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4.2 Minera logy 
Environ me ntal  Considerations 
The amples coUected fr m Kalba stat ion cons ist primari ly o f  o l ivine, serpent ine, pyroxene 
and amphibo le t hat were deri  ed mo t probably fi'om nearby op hio l i t ic exposures. 1 he 
g rain-size of t he o phio li t ic grains ranges from fine to gran u les sand ( 0.25 em - 2 ern). 
( ) l i \  ine grains are II 'ual l)- \·ery we l l  r u nded to  su brounded and co ncent rated in the coarse 
fract i  11 o f  t hc samples. O l ivine gra ins Lrq ucnt l) sho \\ c lear mesh-st ruct ure \'< i l h  t he 
gro\\ih o f  erpent ine and along fract u res. However, the internal par1. s of t he o l ivine grain 
are fair ly fresh wit h  bright second-order interference co lors ( Figs. 4.3 A and B). Al though 
o l ivine is rare as a det r i ta l  m inera l because o r  i t fa t al terat ion ( Heinrich, 1 965),  its 
abundance in t he samples indicates a very c lose proximity to t heir u l tramafic igneous 
source rock . 
Pyroxene grains are concentrated in the fine to coarse sand size (0.25 mrn - 2 mm). 
Pyroxene are usually angular to subangular, fresh grains indicating very short distance of 
transportation from the source area and/or very little reworking at the depositional site. 
Directed Northwest wards to Fujairah station, the overall grain-size of the terrigenous 
grains decreases, where it ranges from about 1 cm to 0.3 cm, with noticeable improvement 
in sorting (Figs. 4 .3  C and D). Most o livine grains have corroded to fragmented, 
subrounded boundaries and are less abundant than in Kalba station. Pyroxene grains are 
angular to subrounded, well-sorted and lies in the coarse sand to fine granule size (2 .5  mm 
- 8 mm). Some subrounded to subangular metamorphic rock fragments ( 1  cm - 2 . 5  cm) 
are also present . In Fujairah station few biserial foraminiferal shells and large molluscan 
fragments were also observed (Figs. 4.3 C and D). 
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Fig. 4 .3  Photomicrographs of grain mounts from Kalba and Fujairah showing olivine (OL) and foram (FM). 
A & C :  plain-polarized l ight; B &D: crossed-nickols; magnification (A&B): 2 . 5  X; magnification (C&D): 4 X 
Further Northwest at Khor Fakkan station, the grain size of terrigenous grains decreases to 
be dominated b fine to coarse sand size (0. 1 25 rrun- 2 rrun) with only few olivine and 
metamorphic rock fragments in the granule size. Most terrigenous grains are angular to 
ubr und d e 'cept for few well orted and wel l  rounded granule-sized grains. There i also 
a not iceable increase in the amount of  coral reef fragments in the sediments of Khor 
Fakkan stat ion. Large fene trate bryozoan fragments ( Figs. 4 .4  A and B) and mol luscan 
fragment ( fig . 4.4 C and D) const itute considerable part of the samples of this area. 
l\�\\ . sma l l  ( 1 -2 1 1 1rn) oo iJ grain werc also observed. 
Bat hurst ( 1 975 ) describes similar fenestrate bryozoans as fo l lows:  ' I n  some chei lostorne 
bI)' zoans ( the mo t abundant order today Cretaceous to Recent ) the plane laminar 
stru t u re of the frontal wall is progressively overgrown, during l ife, by a wavy fillel 
tuberu late set o f  laminae. The waves have broad rounded troughs and sharp crests t hat 
point out\\'ards". 
Bathurst ( 1 975) also describes similar sediments in the largest t idal channel between Abu 
Dhabi and RaJat, which reaches a depth of 1 3 m, where it is floored by coarse lag deposits 
of coral and shell debris thickly encrusted by bryozoans. 
The overall decreases in grains-size of terrigenous grains; decreases in olivine content; 
improvement of the sorting of terrigenous grains; as well as the increase in the total 
number and diversity of carbonate grains (coral fragments, coralline algae, foramnifera, 
mollusks and bryozoan fragments) from Kalba station through Fujairah to Khor Fakkan 
station indicates that the source area of most of the terrigenous grains are derived from the 
ultramafic igneous and metamorphic rocks exposed near Kalba (such as the Semail 
ophiolites of the Oman Mountains). 
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Fig. 4 .4  Photomicrographs of grain mounts from Khor Fakkan showing bryozoan fragments (BR) and 
molluscan fragments (MF). A & C :  plain-polarized light; B &D : crossed-nickols; magnification: 2 . 5  X 
The gradual increase in carbonate grains from Kalba, t hrough Fujairah, to Khor Fakkan 
indicates that terrigenou sediments are deposit ing near Kalba, whereas carbonate 
ed iments are precipitating at Khor Fakkan with low levels of terrigenous influx. The input 
of  sha l low marine carb nate grains into the beach increased gradually from less than 45% 
at Kalba to more than 75% at Khor Fakkan. 
I n  contrast with t he G u lf of Oman oast, sediments in the Arabian Gu lf Coast consist 
main ly of carbonate grains. Terrigeno us grains usuaUy constitute les than 7% in all t he 
stud icJ _ C1mpies 11:0 111 a l l  t he stat ion alo ng t he Arabian Gulf  Coast . Terrigen us gra ins are 
represented main ly by quartz gra ins that are commonly in t he med ium sand to si l t  s ize and 
being round to angu lar in shape. 
[he carbonate grains . on t he other hand , are represented by very coar e to fine (granule to 
coar e and) mo l luscan fragments (Fig. 4 .5  A), gastropod fragment s ( F ig . 4.5 B) coral line 
algae (F ig . 4.5 C)  and highly calcareous siltstone fragments in a growld mass of coarse to 
medium sand size ooids and some pellets (Fig. 4.5 D). 
The abundance of mollusks mostly belonging to deposit- and suspension feeders in Dubai, 
Sharjah and Ras Al-Khaimall indicates that the environment was more quieter and more 
suitable for the flourishment of these organisms than in Umm Al-Quwen and Ajman. This 
interpretation is supported by the distribution pattern of ooid grains, which are more 
abundant in Ajman and Umm Al-Quwen than in Dubai, Sharjah and Ras Al-Khaimah, 
respectively. 
Coral reef fragments are by far the most common carbonate grains in the Arabian Gulf 
Coast, however, some large, well rounded to subrounded lime mudstone fragments are also 
observed in the studied samples of the Arabian Gulf 
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Fig. 4 .5  Photomicrographs of grain mounts from the Arabian Gulf Coast showing molluscan fragments (MF), 
gastropod fragments (GF), corall ine algae (CA) and ooid grains (OG). 
A,B & C :  crossed-nickols; D:  plain-polarized l ight; magnification (A,B&C): 2 .5  X; magnification (D) : 4 X 
Bathurst ( 1 975)  described the Abu Dhabi complex as an array of  off-shore islands that give 
shelter on their landward side to extensive lagoons. He divided the area into inner shelf 
(from the 6m depth seaward where the limestone platform slopes gently) reefs (on the 
haUo\ er lope of the inn r shelf where reefs rise to a meter or less of the water surface), 
ea ward beache o f  island (the e beaches on the northwesterly shores of the islands are 
expo ed to t he ful l  t idal range o f  t he Gulf and the shamal northwesterly winds), t idal 
channels (where water movement in and out  of the lagoons is concentrated), t idal oolite 
del ta. ( which I iI?  sC3\\ard or t he island at t he mouth of t idal chalmels)  and lagoo ns 
( intert idal 11a ts ) .  In  the inner he ir  mo t grains are composed of mo lluscan fragments; 
where bivalves ar more abundant t han gastropods. Less commonly present are 
edtin dem1S, calcareous algae and bryozoans. 
I n  the coral reef , which reach a water depth of  6-7 m, associated wit h  t he reefs are smal l  
coralline algae foraminifera, echinoids and sponges. The channels, such as the channel 
between Abu Dhabi and Halat, which reaches a depth of 1 3  m, are floored by a coarse lag 
deposit of coral and shel l  debris encrusted by bryozoans. The tidal oolite deltas, which 
extend from the mouth of tidal channels to a water depth of 1 . 8 m, are covered with 
enormous spreads of oolites (more than 60%) with subordinate amounts of intensely 
abraded mo llusk shells. 
fragments. 
They also include few grains of reworked limestone 
If  the conditions offshore of the study area, which lies just north-northwest of Abu Dhabi, 
are similar to those described above (which most probably are) the source of the carbonate 
grains on the shores of the Arabian Gulf would be the organism growing in the offshore 
area descried by Bathurst ( 1 975). These carbonate grains would have been emplaced on 
the shore of the Arabian Gulf by tidal currents and storms associated with the 
northwesterly shamal winds. 
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I n  conclusion it is clear that sedimentation as wel l  as the nature of t he sediment along the 
Oman Gulf oast are quite different from that along the Arabian Gulf Coast .  Sediments on 
the Oman Gulf oast are predominatly contributed by the ophiolitic rocks from the Oman 
mountain . Th abundance o f  o l i  ine, pyroxene and metamorphic rock fragments 
decreases from Kalba to Fujairah to Khor Fakkan. Marine input to these sediments is 
minimum and becomes not iceable onI in Khor Fakkan. On t he other hand, sediments in 
the Arabian Gulf Coa t are predominat l. of  a shal low marine origin. They are composed 
main l) f fl'agl11enb <. r cora l  reet: with cora l l ine a lgae . mo l lu  k . ooids and reworkcu 
carbonate (mudstone)  fragments.  These sed iments were redeposited on the Arabian Gulf 
Coast by t idal currents and storms associated with t he northwesterly shamal winds. 
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4.3 Che mical A na lyses 
4.3. 1 Correlation coeffic ient  
The tat ist ica program was u ed to  carry out  the statistical analysis including the 
correlat ion mat ri..x . The correlat ion matrL'< for major oxide and trace metals in the 
sediment of the Gulf of Oman and the Arabian Gulf are shown in Table (4. 1 )  and (4 .2), 
respect i '  e l) .  
Binaf\ re lat io lls fo r so me se lec ted pairs o f  ox ides and trace metals ( F igs 4 . 6-4. 1 3 ) arc 
plot ted in order to compare the behavior of the elements in t he sed iments of the Gulf of  
Oman and the Arabian Gul f. 
Fe20J and 1n are highly pOSl t lVCly corre lated in t he Gulf of Oman samples, whereas, t hey 
show moderat po it iv correlat ion in t he sarnples o f  the Arabian Gulf 
Some major oxides such as AhO), Fe203, MgO and CaO are highly posit ively correlated 
with some trace metals (Cd, Co, Cr, Cu, Mo, Ni, Pb, Sr, V and Zn) in the Gulf of Oman. 
On the other hand, there are no obvious relation between these major oxides and trace 
metals in the Arabian Gulf 
Strontium shows different behaviors in the sediments of the Gulf of Oman and the Arabian 
GuI[ In the Gulf of Oman sediments, Sr shows positive correlation with only CaO, Na20 
and Ba, while it correlates negatively at different levels with the major oxides and trace 
metals. This element association (Sr, Ca, Na and Ba) is related to feldspars, particularly 
calcic-plagioclase. Therefore, the positive correlation between Sr and Ca in the sediments 
of the Gulf of Oman is related mainly to the presence of comparatively high percentage of 
calcic-plagioclase feldspars. 
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Tab Ie 4. 1 Correlation matrix of maj or and trace elements in the sediments 0 f the Gulf 0 f Oman. 
Element Si02 AI203 Fe203 MgO CaO Na20 K20 P20s M n  As Ba Cd Co Cr Cu Mo Ni Pb Sr V Zn 
Si02 1 . 00 
AI203 0 . 3 1  1 . 00 
Fe203 0.44 0. 92* 1 . 00 
MgO 0.36 0 90 0.99 1 . 00 
CaO -0.83 -0. 74 -0.86 -0.81 1 . 00 
Na20 -0. 36 0.24 -0. 06 -0. 06 0.27 1 . 00 
K20 0.05 0. 73 0.48 0 . 4 1  -0.29 0. 75 1 . 00 
P20S -0.21 0.69 0 . 4 1  0 .38 -0. 1 2  0.76 0 .92 1 . 00 
Mn 0.49 0 92 0 99 o 98 -0 89 -0.09 0 . 47 0 . 39 1 . 00 
As 0.21  0 . 9 1  0. 90 0.92 -0. 70 0 . 00 0 . 44 0 . 45 0 . 90 1 . 00 
Ba -0 80 0.02 -0.25 -0.25 0.62 0 64 0 . 46 0 .63 -0. 30 -0.09 1 . 00 
Cd 0 92 0 . 89 0. 98 0.96 -0.84 -0. 1 4  0 . 44 0 . 38 0.98 0 . 90 -0.22 1 . 00 
Co 0 62 0 .64 0 85 0. 85 -0 . 89 -0.44 0 .06 -0. 05 0.87 0. 70 -0.62 0 . 87 1 . 00 
Cr 0 . 36 0 94 0. 97 0.96 -0 .8 1  -0. 06 0.49 0 . 46 0.97 0.96 -0. 1 7  0. 97 0. 78 1 . 00 
Cu 0.52 0. 90 0 90 0. 84 -0.84 0.03 0.6 1  0 . 5 1  0 . 9 1  0 .82 -0. 1 8  0 .88 0.66 0. 92 1 . 00 
Mo 0.49 0 87 0 94 o 92 -0.87 -0.23 0 .37 0 . 34 0.95 0.87 -0.29 0. 97 0. 86 0 . 95 0 .86 1 . 00 
Ni 0 . 40 0 76 0 90 0.94 -0 .80 -0. 3 1  0. 1 4  0 . 1 0  0 .9 1  0 .88 -0.43 0 . 90 0 . 9 1  0 . 88 0 . 70 0 .88 1 . 00 
Pb 0.38 0. 89 0. 70 0.65 -0. 59 0 . 5 1  0 .9 1  0 . 84 0. 72 0 .66 0. 1 9  0 .68 0 . 38 0 . 7 1  0 .79 0 .65 0.42 1 . 00 
Sr -0.87 -0 80 -0.88 -0.84 0.93 0 . 29 -0. 30 -0. 1 6  -0. 9 1  -0 . 83 0.48 -0. 88 -0. 84 -0 89 -0. 89 -0 .88 -0 . 85 -0 . 58 1 . 00 
V 0 6 1 0 . 74 0 . 75 0 66 -0. 79 0 . 07 0 .60 0 . 47 0 7 5 0 . 52 -0. 1 9  0 . 74 0 . 59 0. 70 0. 8 1  0 . 77 0 . 49 0. 73 -0 .66 1 . 00 
Zn 0 . 4 1  0 98 0 93 0 9 1 -0.82 0. 1 5  0 .67 0 60 0.95 0. 89 -0. 1 1  0 .9 3  0 . 73 0 94 0. 92 0 .89 0 .79 0.88 -0 . 85 0. 74 1 . 00 
* Red numbers indicate significant correlations at 95% levels. 
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Table 4.2 Correlation matrix of major and trace elements in  the sediments of the Arabian Gulf. 
Element Si02 Ab03 Fe203 MgO CaO Na20 K20 P20S M n As Sa Co Cr Cu Mo Ni Pb Sr V Zn 
Si02 1 . 00 
AI203 0.66 * 1 .00 
Fe203 0.38 0.64 1 . 00 
MgO 0 . 1 0  0.60 0. 56 1 . 00 
CaO -0.97 -0.64 -0.43 -0. 1 3  1 . 00 
Na20 0.24 0.30 -0. 30 0.26 -0.27 1 . 00 
K20 0.62 0.81 0 . 37 0 . 58 -0.64 0.68 1 . 00 
P20S 0.67 0. 80 0. 1 8  0.20 -0.68 0 . 50 0.76 1 . 00 
Mn 0.45 0 9 1 0. 77 0 .66 -0.43 -0. 0 1  0. 59 0 . 56 1 . 00 
As 0.35 0. 75 0 . 5 1  0 . 44 -0. 38 0 . 30 0 . 7 1  0 .6 1  0. 59 1 .00 
Sa -0. 06 -0. 1 2  -0. 4 1  -0.48 0 .04 -0. 0 1  -0. 1 0  0 . 3 0  -0.27 0. 1 1  1 . 00 
Co 0 66 0.46 0 . 23 0. 1 0  -0.67 0 .40 0 . 50 0 . 52 0 . 33 0. 1 5  0.00 1 . 00 
Cr 0. 7 1  0. 97 0 .63 0.54 -0 . 73 0 .35 0. 86 0 . 8 1  0 . 84 0 .80 -0.08 0 . 5 1  1 . 00 
Cu 0.43 0.38 0 .77 0.27 -0.47 -0.24 0.20 0 . 07 0 . 48 0. 1 8  -0. 34 0 .6 1  0 . 40 1 . 00 
Mo -0. 53 -0. 1 0  0 . 0 1  0 .69 0.48 0.22 0. 1 2  -0.33 0 . 02 -0.03 -0.36 -0.25 -0. 1 3  -0. 1 3  1 . 00 
Ni 0 6 1 0.50 0 63 0 . 40 -0 . 70 0. 1 9  0.57 0.25 0 . 39 0 .55 -0.20 0 . 46 0 .64 0 . 53 -0. 04 1 . 00 
Pb 0 . 46 0.34 0 .50 0. 1 2  -0 . 44 -0. 24 0. 1 4  0. 1 3  0 . 44 0 . 1 6  -0.03 0.68 0 . 40 0. 72 -0. 1 9  0 . 53 1 . 00 
Sr 0 . 46 0.47 -0.29 -0.08 -0. 39 0.66 0 .53 0. 8 1  0 . 1 9  0 . 29 0.29 0.45 0 . 43 -0. 1 8  -0. 36 -0. 1 5  -0. 1 2  1 . 00 
V 0.48 0 92 0. 74 0. 74 -0.47 0 . 20 0. 70 0 .55 0.95 0 .64 -0.39 0 . 44 0.88 0 . 52 0. 1 3  0 . 4 9  0.44 0 . 24 1 .0 0  
Zn 0 85 0.54 0 59 0 . 36 -0 65 0 . 05 0 . 43 0.27 0 . 56 0 .23 -0.24 0 . 81  0 59 0 .79 -0. 1 1  0 . 70 0 .89 0 . 02 0 63 1 . 00 
* Red numbers indicate significant correlations at 95% levels. 
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This e planation is supported by the X-ray results of the sediments of the Gulf of Oman 
where it sh w the pre ence of plagioc lase as a major, subordinate or minor minerals in 
many sites of  the Gulf. 
I n  the Arabian Gulf ed iment r sho s no significant correlation among major oxides 
and trace metals except Na20 and P20S ( posit iveJy correlated). 
The presen e of re lat ively high Sr co ncentrat ions is indicative of t he presence of important 
proport ions of aragonite (F mandez- Bastero et al. , 1 998) .  This agrees with the biogenic 
origin o f  most o r  t h� carbo nate deposi ts  o f  t h� gu l ls. part icu larly in t he rabian G u l f  C E l l i 
and 1 i l l iman, 1 985 ) .  
The negative correlation between C a  and r can be attributed to the regular subst i tut ion of 
r for Ca in the cry ta l  structure o f  aragonite. This subst itution is more frequent in t he 
aragonite tructure rather than in t he calcite crystal structure. The latter commonly favors 
subst itut ion of a by Mg to form for example low and high magnesium calcite. 
Calcium oxide is highJy to moderately negatively correlated with other major oxides such 
as Si02 Ah03. MgO and Fe203.in both gulfs. 
The negative correlations between MgO and each of CaO and Sr in both gulfs may indicate 
a dolomite source of Mg and lor a non-carbonate genesis. The X-ray patterns confirmed 
the presence of dolomite as a major, subordinate or minor mineral in both gulfs. Whereas. 
the high positive correlation (0.99) between MgO and Fe203 reflects mainly the non­
carbonate genesis of Mg. AI Qubaisi (200 1 )  reported that the variations of the 
concentrations of dolomite and aragonites as well as other carbonate minerals in the 
Northern coast of the United Arab Emirates may cause a negative correlation between Mg 
and each of CaO and Sr. According to Faure ( 1 998). Mg is not associated with aragonite. 
but it is associated with dolomite and high Mg-calcite. 
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This was also observed by Shriadah ( 1 997). He noticed that Mg shows relat ively high 
concentration levels in the sediments of Dubai, harjah and Abu Dhabi creek. He 
attributed this to the microbial degradat ion of organic materials Jeading to a rapid removal 
of metal adsorb d to the surface of c lays and detritu particles. 
There is a significant n gat ive correlation between i 2 and each of CaO and Sr in the 
u lf of  Oman sediment and bet ween i02 and Ca in t he Arabian Gulf sediments. 
This corre lation i d ue to di lTerences in t he terrigenous source in both gulfs. S i l ica is 
abundant in [he ,cd iments or t he G u l l ' or Oman because of t he abundances o f  ophio l i t ic 
ro k mineral redepos ited from Oman Mountains ( as shown from the X-ray ana lysis in  
Tabl 3 . 5 ) . Whereas, sediments of  the Arabian G u lf have contribut ions of  quartz, which is 
also hown in X-ray analysis in Table 3 .6 .  On t he o ther hand the negat ive correlat ion 
between i02 and each of CaO and Sr can be at tributed to difference in deposit ional 
condit ions. the d iagenetic cementation with carbonate or replacement of  silica by calcite 
( Ibrahim, 200 1 ). 
The presence of high positive relationships between some heavy metals (Table 4 . 1 )  in the 
Gu1f of Oman sediments may be due to the fact that metals such as Co, Cr, Mn and Ni are 
closely associated with o phiolitic rocks and therefore they are mainly derived from the 
Ophiolite of Oman mountains. 
I nvestigations concerned with the distribution of trace metals in the marine environment o f  
the Arabian Gulf are rather sparse and mostly related t o  po llution (Anderlini e t  al. , 1 982;  
Burns et ai., 1 98 2 ;  Fowler et ai. , 1 984; Abaychi and Douabul, 1 98 5). 
The concentrations of  petroleum hydrocarbons in the Arabian Gulf water were higher ( 1 .6 
times) than in the Gulf o f  Oman indicating more oil contamination in the Arabian Gulf 
(S� 1 999). The higher concentrations of petroleum hydrocarbons in seawater of the 
Arabian Gu1f were mainly due the intense petroleum activity in the Arabian Gulf, the 
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higher salinity of  the Arabian Gulf compared to the Gulf of Oman and the accreted oil 
pol lution elf-purification proces at the Gulf of Oman ( hriadah, 1 998b) .  
hriadah ( 1 999) mentioned that there is a pronounced decrease of petro leum hydrocarbons 
toward the shoreline of t he UAE along t he Gulf of Oman compared to the Arabian Gulf 
Thi suggests that major part of oil spills at the Gulf of Oman are transported towards the 
Arabian ea and t he Northern I nd ian Ocean. Wherea , mo t o i l  spi l ls are advected by 
current towards the coast o f  t he UA along t he Arabian Gulf  result ing in an increase in the 
concent rat ions f bydr ca rbons at near shore stat ions. 
Fowler et al.  ( 1 993 ) concluded t hat the d i rect oil spi l ls and the atmospheric fal lout don't  
have a mea mabIe influence on  t he level of trace metals. This is also conc luded by 
hriadah ( 1 998b) who ment ioned t hat the oi l  spi l l  re ulted in a temporary elevat ion of 
contaminat ion levels wh ich  were rapidly reduced and t he o i l  po llut ion levels have returned 
to prevailing background levels. 
Therefore, we can conclude that the high concentration of trace metals in the Gulf of Oman 
is not due to o il spills and it is mainly derived from the ophiolitic rocks exposed in the 
Oman mountains. 
The concentration of  Zn and Cu in the Gulf of Oman is higher than in the Arabian Gulf 
Zn and Cu in the sediments are generally good indicators of anthropogenic input (FOrstner 
and Witttman, 1 979). Zn and Cu correlate wel l  with Fe in both gulfs, which indicates that 
they zinc and copper are dominantly associated with terrestrial inputs. 
It is well-established that granulometry, carbonate and also organic matter content are 
important controlling factors in the abundance of trace metals. Fine-grained sediments 
tend to have relatively high metal contents, due in part to the high specific surface of  
smaller particles. This enrichment is mainly due to surface adsorption and ionic attraction 
(McCave, 1 984; Horowitz and Elrick, 1 987). 
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The chemical analysis o f  the pre ent study shows that the Gulf o f  Oman samples have 
higher metal contents than the samples of the Arabian Gulf Whereas, grain size analysis 
shows that the sediment from the Arabian Gulf are coarser than those from the Gulf of 
Oman. On the other hand, high carbonate content is associated with low concentrat ions of 
t race metals ( Rubio et aI. , 2000) .  This re lat ionship is supported by t he chemical results of 
t he pre 'ent study. Carbonates have certain! a d i lu t ing eIrect  for terrigenous- re lated 
element . Tlli fact  explains why there is a great d i lIerences in t he chemical composit ion o f  
th� , edimcnt bet ween tbe C J u lf  or Oman and t he Arabian G u l f. Carbonates are h igher in 
t he Arabian Gul l' sed iments while terrigeno us , ediments are higber in the G ulf  of Oman 
sediments. 
The X-raJ di ffract ion patterns support the r suI ts from chernical ana lyses. All X-ray peaks 
in t he Arabian Gulf  samples indicate t he abundance o f  calcite and/or aragonite which 
matches wel l  with the high concentrat ions of CaO in the chenlical analysis of the Arabian 
Gulf On the other hand, there are variety of ophiolite minerals in the Gulf of Oman 
samples as revealed by X-ray patterns which again matches well with the results of the 
chemical analysis. 
It may be concluded that the concentrations of trace metals in the studied area of both the 
Arabian Gulf and the Gulf of Oman are controlled almost exclusively by the mineralogy of 
the land-derived fragments and the effect of human impact upon the absolute concentration 
is minimal. 
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Fig.4.6 Binary relations of elements in the Arabian Gulf and the Gulf of Oman coastal 
zone. 
(A) Ah03 vs eu in the Arabian Gulf 
(e) Ah03 vs Pb in the Arabian Gulf 
(E) Ah03 vs MgO in the Arabian Gulf 
(G) Ah03 vs Ni in the Arabian Gulf 
(B) Ah03 vs eu in the Gulf of Oman 
(D) Ah03 vs Pb in the Gulf of Oman 
(F) Ah03 vs MgO in the Gulf of Oman 
(H) Ah03 vs Ni in the Gulf of Oman 
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FigA.7 B inary relations of e lements in the Arabian Gulf and the Gulf of Oman coastal 
zone. 
(A) Al203 vs Zn in the Arabian Gulf (B) Al203 VS Zn in the Gulf of Oman 
(C) Ah03 vs Fe203 in the Arabian Gulf (D) A l203 vs Fe203 in the Gulf of Oman 
(E) MgO vs Ni in the Arabian Gulf (F) MgO vs Ni in the Gulf of Oman 
(G) MgO vs Cr in the Arabian Gulf (H) MgO vs Cr in the Gulf of Oman 
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Fig .4 .8 Binary relations of elements in the Arabian Gulf and the Gulf of Oman coastal 
zone. 
(A) CaO vs Sr in the Arabian Gulf 
(C) Cao vs MgO in the Arabian Gulf 
(E) Pb vs MgO in the Arabian Gulf 
(G) Pb vs Fe203 in the Arabian Gulf 
(B) Cao vs Sr in the Gulf of Oman 
(D) CaO vs MgO in the Gulfof Oman 
(F) Pb vs MgO in the Gulf of Oman 
(H) Pb vs Fe203 in the Gulf of Oman 
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FigA.9 B inary relations of elements in the Arabian Gulf and the Gulf of Oman coastal 
zone. 
(A) Pb vs Cu in the Arabian Gulf 
(C) Pb vs Cr in the Arabian Gulf 
(E) Pb vs Zn in the Arabian Gulf 
(G) V vs As in the Arabian Gulf 
(B) Pb vs Cu in the Gulf of Oman 
(D) Pb vs Cr in the Gulf of Oman 
(F) Pb vs Zn in the Gulf of Oman 
(H) V vs As in the Gulf of Oman 
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Fig.4. 1 0  Binary relations of elements in the Arabian Gulf and the Gulf of Oman coastal 
zone. 
(A) V vs Mn in the Arabian Gulf 
(e) v vs eu in the Arabian Gulf 
(E) V vs Cr in the Arabian Gulf 
(G) V vs Zn in the Arabian Gulf 
(B) V vs Mn in the Gulf of Oman 
CD) V vs eu in the Gulf of  Oman 
(F) V vs er in the Gulf of Oman 
(H) V vs Zn in the Gulf of Oman 
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Fig.4. 1 1 Binary relations of elements in the Arabian Gulf and the Gulf of Oman coastal 
zone. 
(A) V vs Pb in the Arabian Gulf 
(C) Zn vs MgO in the Arabian Gulf 
(E) Zn vs Cr in the Arabian Gulf 
(G) Zn vs Ni in the Arabian Gulf 
(B) V vs Pb in the Gulf of Oman 
(D) Zn vs MgO in the Gulf of Oman 
(F) Zn vs Cr in the Gulf of Oman 
(H) Zn vs Ni in the Gulf of Oman 
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Fig.4. 1 2  Binary relations of elements in the Arabian Gulf and the Gulf of Oman coastal 
zone. 
(A) Zn vs V in the Arabian Gulf 
(e) Zn vs Pb in the Arabian Gulf 
(E) Zn vs eu in the Arabian Gulf 
(G) Zn vs Fe203 in the Arabian Gulf 
(B) Zn vs V in the Gulf of Oman 
(D) Zn vs Pb in the Gulf of Oman 
(F) Zn vs eu in the Gulf of Oman 
(H) Zn vs Fe203 in the Gulf of Oman 
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f ig .4 . 1 3  B i narv re la f ion. o r e lements i n  t he Arnh ian Gu l f and the Gu l f o C Oman coa ta l  
zone .  
( ) Zn \' AI203 in t he Arabian Gulf  (8)  Zn \'s AI20) i n  t he Gu l f o f O man 
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4.3.2 Cl uste r  Analysis 
Cluster analysis is the simplest [onn of meaningfully groupmg of  measured ariables 
(Davis, 1 973) .  Cluster analysis is a l  0 defined as a mult ivariate technique extensively us d 
b numerical taxonomi ts ( okal and neath 1 963) .  Dendr gram is a method of showing 
t he degree o f  simi larity bet ween mu lt ivariate objec ts . The amples with c lose t re lation 
will l ie near each o ther ( Rock, 1 988  & Halln. 2002) .  I n  cluster analy is. each f variables 
or  samp tcs are c lustered. I f  the variables are c lustered it is cal led R-mode c luster analysis. 
'A'herca . i f t h\: sample ' are c l ustered it i, called Q-m )de c luster analys is .  
Shric dah ( 1 997)  mcnt i ned t hat t he concentrat ions of trace metals in sed iments or t he 
coa tal area and creek of U E vary wide l) ,  pro babl d ue to variat ions in t he type. 
compo i t ion.  gram SlZe. and o rganic carbon contents o f  t he sediments, anthropogenic 
input such as spi l led crude oil, geo logical weather ing atmospheric fal lout .  and waste 
water dispo also 
( 1 )  R-mode Cluster analysis 
Thirteen major and trace elements were considered for R-mode c luster analysis. The 
obtained dendrogram (Fig. 4. 1 4) for the Gulf of Oman samples shows that CaO, V, Zn, 
MgO, Cu, As, Ba, Pb and Fe203 are clustered together. These elements c luster also with 
Cr at higher linkage distance of 400. At linkage distance of 700, Mn added to the 
association. Ni linked the association at linkage distance of 1 300. Finally, Sr cluster with 
the association at linkage distance of 2500. 
Another obtained dendrogram (Fig. 4. 1 5) for the Arabian Gulf samples shows that at 
linkage distance of 1 000, two clusters are apparent : ( 1 )  Sr and (2) CaO, Mn, Ba, V, Zn and 
Cr. At higher linkage distance of 1 6000, Sr is linked to the other elements. 
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Fig.4. 1 5  R-mode dendrogram for the Arabian Gulf samples using selected major and trace 
metals. 
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The as 0 iat ion of  r a ,  Mn and Ba in the Arabian Gulf sediments is an e idence of t he 
dominance of  carbonate minerals in t his area. Abaychi and Douabul ( 1 986) reported t hat 
t he carbonate-bound elements seem to be t he most dominant fract ion in the Arabian Gulf 
The as ociation of  Mn w ith carbonates is not urprising, because binding o f  Mn b 
carbonates i o ften a predominant phenomenon ( Patchil1ee lal1 and Forstner, 1 977; chmo l I 
and F . r tnee 1 979) .  The as ociati n o f  r with carb nates may be due to an t hropogenic 
input . 
11 the c o n t ra ry r t he behavior o f  CaO in t he Arabian G u l L  CaO i ll t he G u l f  o f  Oman is 
a .. ociated \\ i t i l e l e mcnt ' SLlch as i ,  t n, Cr, \' ,  Ln and MgO, which i nd icate t hat  Ca is not 
mainly derived from carbonat so ur e and i t  is t he calcic-p lagioc lase from which it is 
ma in ly derived . 
(2) Q-mode elu ter a n a ly i 
Q-rnode cluster analysis is a simple way to compare and c lassify samples on t he basis of 
their different contents. 
Fig (4. 1 6) il lustrates Q-mode dendrogram for t he studied samples from the Gulf of Oman 
for some major and trace metals The obtained dendrogram shows t hat at linkage distance 
of 350, two clusters are found: ( 1 )  K.h3, Kh2, Kh l and Kh4, which represent Khor Fakkan 
location and (2) Kh5, Kh6, Kh7, Kh8, Kh9, Kh I O, Kh l l  and Kh 1 2, which represent Kalba 
and Fujairah locations, respectively. The second cluster can be subdivided into four sub­
clusters A, B, C and D.  The sub-clusters A,  B and C contain Kh7, Kh6 and KhS , 
respectively. This may suggest the independence of these locations, although they are 
from the same area (Kalba). The sub-cluster (D) contains Kh8, Kh9, Kh l O, Kh l l and 
Kh 1 2, which are all from Fujairah except Kh8 (from Kalba). The clustering of the Gulf of 
Oman sites is due to differences in sediment types. As mentioned before, the abundance of 
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olivine, pyroxene and metamorphic rock fragments decrease from Kalba to Fujairah to 
Khor Fakkan, while marine input to these sediments becomes noticeable only in Khor 
Fakkan. This explains the presence of different clusters in the sites of the Gulf of Oman. 
nother btained Q-mode dendrogram for t he studied samples from the Arabian Gulf for 
t he arne major and trace metals i shown in Fig (4. ] 7) .  t l inkage d istance of 500. two 
c1u ters are apparent .  The first ne includes samples from Ras AI- Khaimah, willie t he 
cc nd c l uster include' t he rcst of samp les from Dubai.  . harjah, Ajman and Umm A l ­
QLI\\ CIl .  
The second clu ter can be sub-d ivided into several sub-clusters ( A. B and C) .  ub-cluster 
(A) inc ludes Qu I ( from Umm Al-Quwen) and Aj 1 ( from Jman) .  ub-cluster ( B )  cont a ins 
Qu3 ,  Qu2 ( from U nun Al-Quwen ), S h l ,  h2 ( li'om Sharjah) and Ou l ( li'om Dubai).  The 
sub-cluster (C)  includes J2 ( from Ajman) and Du2 ( from Dubai) . 
In a similar study accomplished by AI Qubaisi (200 1 ), she found out that there was no 
association between Dubai and Sharjah samples based on chemical results. 
However, the cluster gave a good hannony with the grain-size analysis which separate the 
Ras Al-Khaimah samples from the others. Separating the samples of Ras Al-Khaimah 
gives a good correlation between sorting and mean size, as refered to previously. 
Therefore, Ras Al-Khaimah should be completely different in environmental conditions. 
Cluster analysis, especially Q-mode c luster analysis is an attempt to discriminate and 
classify any studied locations based on the obtained chemical data. In this study, the 
resulting dendrograms (Figs 4. 1 6  and 4. 1 7), show that although some grouping between 
] 5 1  
d ifferent locat ions do exist, however, t he e group do not pro ide complete discriminat ion 
between difterent tations.  Also t he analysis separates c learly the stations which are 
characterized by completely different envirorunental parameter . 
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4.3.3 Factor a n a lysis 
Factor analysis is a widely used analysis which helps in reduction and interpretat ion of 
geochem ial data. It is used to reduce the d imensionality of the geochemical data by 
const ruct ing a set o f  new ariables termed fa tors, which are fewer in numb r than t he 
riginal ariable . The e fa tor are hypothetical and r pre ent linear combinat ions o f  t he 
original ,"ariable . There are tv a types o f  factor anat sis: R-mode factor analysis 
(corrclati ) 11 bet \  een variables) and Q-mode factor ana lys is (correlat ion bet \  cen objects) . 
The R-m }(Je fac to r anal} s is  l' t he s t u d ied samples from the Gulf o r  Oman coast is sho\\ 11 
in Table (4 .3 ) .  I t  produced t wo factors model, which  accounts for more than 90% o f  the 
t ta l , ariab i l i ty o f  data. 
Fa tor 1 ( terrigenous source) is  a bipolar factor and acco unts for 78 .03% of the variabil ity 
of data. The association (Fe203 M gO, Mn Cr, N i, Pb, V. Zn and Cu) represents the 
terrigenous source component such as foresterite, serpentine, pyroxene and amphibole. 
These elements are derived from t he weathering process of ophiolitic rocks, which are 
dominated by peridot ites, o livine, pyroxene, serpentine and foresterite. On the other hand, 
there is negative loading of carbonate minerals represented by CaO and Sr on t his factor. 
This explains the d ilution effects of Ca minerals on the mafic minerals. However, the 
contribution of calcic-plagioclase for Ca and Sr could not be precluded, since plagioclases 
are major minerals of t he ophiolitic rocks. 
Factor 2 accounts  for an additional 1 2 . 1 5% of data variability. Ba has a significant 
positive loading on this factor. This rnay be due to the presence of feldspars. On the other 
hand, t here is a positive loading of Pb o n  t his factor, which may be a result of 
anthropogenic inputs. 
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Table 4.3  R-mode Varimax rotated Factor matrix for the studied samples from the Gulf of 
man coast.  
Variable Factor 1  Factor2 
Fe203 0 . 9 8 1 582 0 .02537 1 
MgO 0. 95343 1 -0. 00706 
CaO -0 . 9 1 832 0.2 95592 
Mn 0 . 9 9 1 676 -0. 0 1 024 
Sa -0. 3 1 1 54 0. 904973 
Cr 0 . 967034 0 .086337 
Ni 0 . 875852 -0. 27887 
Pb 0. 750383 0. 560882 
Sr -0. 932 1 7  0 . 22 1 744 
V 0. 793293 0. 1 699 1 4  
Zn 0 . 958634 0. 222629 
Cu 0 . 9406 7 1  0 . 1 52798 
Var. % 78.03 1 2. 1 4  
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Table (4 .4)  ho the R-mode factor analysis of the studied samples from the Arabian Gulf 
coast . Two factors are produced, which accounts for more than 67% o f  the total variability 
of data. 
Fact r 1 ( terr igeo u ouree)  accounts for 52.54% of the ariabilit of data. The 
a soc iat ion ( Fe2 3. Mn, r, Ni ,  Y, Zn and eu) represents the terrigenous source 
component such a cqJent i ne, p lagioc lase and amphibole. I t  is a bipolar factor where CaO 
has a s ign i ficant negat ive load ing 00 this factor while Fe203, Mn, r, Ni, V, Zn and Cli 
have a s ll! I1 i ficant posit i\(' load ing on t h is factor. 
raet r :2 (arag ) n ite ) aCCO llnt. [or an adcJ i t ional 1 5 . 3 7% o r  data var iab i l ity . 'r ha a 
significant po it ive loading on t hi factor. The high positive loading of Sr indicates the 
ro le played hy d iagenet ic processe� such as cementat ion and transformation of  aragonite to 
cal ite. Due it metastability under surface environmental condit ions. aragonite tends to 
transform into calcite by reaction with aqueous so lutions. Whereas, the posit ive loading of 
Ba may be due to the presence of feldspars. 
The loading of the different elements on both factor 1 and factor 2 for both gulfs IS 
illustrated in Figs (4. 1 8) and (4. 1 9) .  
Factor analysis for the sediments of both gulfs indicates that the terrigenous components 
p lay the major role for the data variability. However, the contribution of the terrigenous 
source at the Gulf of Oman is more obvious by higher account of data variability. A 
second factor controlling the data variability is the carbonate minerals which is more 
obvious at the Arabian Gulf than at the Gulf of  Oman. 
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Table 4 .4 R-m de Varima rotated Factor matrix for t he studied samples from the Arabian 
u l f  coast . 
Va riable Factor1 Factor2 
Fe203 0 . 855347 -0 . 3 1 1 49 
MgO 0 . 623796 -0. 1 7737 
CaO -0. 68448 -0 .44 1 8 1 
M n  0 . 843629 0. 1 44685 
Ba -0. 36522 0 . 549825 
Cr 0 . 84675 0 . 4604 1 6  
C u  0 . 760746 -0. 3 1 869 
N i  0.7582 1 -0. 05768 
Pb 0. 684797 -0. 1 22 1 9  
Sr 0 . 05399 1 0 . 9 1 8 5 1 9 
V 0. 890849 0 . 1 40397 
Zn 0. 856654 -0.048 1 7  
Var. % 52.53 1 5. 37 
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Fig.4. l 8  The loading of the representative major and trace elements in the Gulf of  Oman 
Coast samples on both factor 1 and factor 2 .  
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4.4 Shell Ta xonomy 
The urvival of  a marine orgarusm IS dependent upon numbers of  variables in its 
en ironment . Bo ch and Bosch ( 1 992) ment ioned some of t hese which include: 
temperature, light, wave action, salinity and ocean currents. S ince nut rients such as 
ph phates and nitrogen compounds which are contained in dead planktons sink toward t he 
deep ocean. upwe l l ing mllst occur in order to bring these nutrients to t he surface. Bosch 
and Bosch ( 1 992 ) ment ioned that a lmost ul1 \'arying temperature throughout the year and 
o ne t ant tc ad supp l) art' pro \  idl:d in t he G u l f  o f  Oman because of  upwe l l ing resu l t ing 
from ocean curr nts .  On t he contrary, hallow water, no ocean currents and consequent ly 
no upwell ing is found in t he Arabian G u lf because it is a semi-closed water body and i 
quiet far from the I ndian ocean. On contrast to the Gulf of Oman. t he Arabian Gulf has 
easonal temperature c hanges which limit some faunal d iversity (Price el aZ. 1 993) .  
Nutrients are a very linportant factor t hat affect the distribution of  marine fauna. Seibo ld 
and Berger ( 1 996) believed that the Arabian Gulf is nutrient-starved because of the warm 
surface water and the low nutrient supply. They attributed the lower nutrients in the 
Arabian Gulf to the fact that the incoming surface water brings plankton from the Indian 
Ocean to the Arabian Gulf, some of these planktons survive in spite of  the high salinity 
within the Gulf but the remainder dies off 
The taxonomic study carried out in this work includes fauna collected from the Arabian 
Gulf and the Gulf of Oman intertidal zones. The two areas differ from each other in many 
aspects, these differences are reflected in the diversity and abundance of coral and 
molluscan fauna, although many species are common in both areas. 
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urilight and nutrient element control the growth and distribution of marine organisms. 
S ince these two factor diller from one environment to another, it is expected to see some 
differences in the abundance and distribution of  organisms in both the Arabian Gulf and 
the Gulf of  man. 
oral are found in few ite , with low speci fic d iversity in both gulfs . Some studies dealt 
with the lower 'pec iiic d iversity of coral  in  the Arabian Gulf. attributed t hat to some 
certain environmenta l  factors such as sal init ies. sea temperatures and extreme low t ides 
(Cole" 1 n 8 :  S /leppard and S heppanJ ,  J 9LJ ] :  Co le� and l <adlallah, J <)9 ] ;  'h ppard et al . . 
1 (92 ) .  raJ la l lah ( ' /  al.  ( 1 995 ) added t bat t he sa l init ies, sea temperature and ext reme low 
t ide  have a pro found influence on community s tructure by restrict ing the number of 
specie in t he area and by cau ing r current mortal i ty among t he dominant spec ies. 
lo llu can fauna of the Gu lf  of Oman are higher in spec ific and generic d ivers ity t han 
those in the Arabian Gulf Bosch et af. ( 1 995) mentioned that there are some factors 
affecting the Arabian Gulf fauna such as the shallowness of the Gulf and therefore the 
higher water temperature, the higher salinity content and the high evaporation and the 
paucity of fresh water flowing into it . He also added that there is a wealth of suitable 
biotopes in the Arabian GuU: but life is hard for many organisms. 
Some authors attributed the lower d iversity of marine fauna in the Arabian Gulf to some 
anthropogenic factors. Ismail ( l 992b) believed that sewage dumping may affect the 
marine environment and faunal d iversity in the Arabian Gulf Pollution by o il production 
and transport in the Arabian Gulf is another anthropogenic factor which may affect the 
marine environment (EI-Samra et aI., 1 986; El-Samra and EI-Deep, 1 988;  Fowler, 1 985).  
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e eral studies were carried out on the faunal distribution and diversity in the Gulf of 
Oman. Bosch et al. ( 1 995)  attributed the higher specific and generic diversity of 
molluscan fauna in the Gulf of Oman to water currents flowing from the Gulf of Oman 
t hrough the t rait of H0n11UZ and which bring free- wimming mol luscan larvae from t he 
eastern I ndian Ocean. An t her factor which contro l  t he higher diversity of the molluscan 
fauna in th  Gu lf  of Oman is mon oon wind . The c a ta l  zone of t he Gulf of Oman is 
great ly influenced by t he varying m nsoon ea on . The mon oon wind ha a d irect 
in fl uence up 1 1  the up\\ c l l i ng o [  deep water llut rients in to  t he surface waters and t hus t he 
potent ia l product i \' i L)  0 1  t he area l \ ood ward £!I al. 1 997) .  Therefore, Jl1 I lusks and o ther 
rganisms benefi t from t he rise of nutrients and food product ivity created by t his 
phenomenon. 
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C O N C L U S I ONS 
CON C L U S I ON S  
The st ud o f  ediments and fauna along the coastal areas of both the Arabian Gulf and 
ulf of man and t he u e of differ nt analyt ical techniques to study sediment type, 
mineral K and microfaeie inferred s me d i flerences between t he two gulfs which are 
ummarized a '  foi l  ws: -
1 - Grain , i7C anal. is o f  sediments a long t he Arabian Gu lf  eoa t indicates t hat  
t he coast i,  c() \ crcJ b) coarse sand.  \\ hcrcas t he G u l f  o f  Oman coast is  
'(  \'crcd by med ium sand . 
2- X-ray d iffrac t ion  and microfacies analysis, sh w that sediments of the Gulf 
of Oman c a t are predorrlll1at l) derived from t he oplLio l i t ic rocks of t he 
Oman M ountains. These sed iments are r ich in pyroxene, foresterite, 
plagioclase, serpent ine and amphibo le. On t he other hand, sediments of the 
Arabian Gulf coast are predominatly of a shallow marine origin. They are 
composed mainly o f  fragments of  coral reef, coralline algae, mollusks and 
ooids. These sediments were drifted on the Arabian Gulf coast by tidal 
currents and storms associated with the northwesterly shamal winds. 
3- The variation in the concentration of trace metals in both gulfs could be 
attributed mainly to d ifferences in source regions from which they were 
derived. The effect of  human impact upon the absolute concentration is 
minimal.  
4- Chemical analysis shows that there are high concentrations of Mn, Ni, Cr, 
Cll, Zn, As, V, Mo, Fe203 and MgO in the Gulf of Oman coastal sediments. 
This may attributed to the nature of  bedrocks, which are dominated by 
ophiolitic rock exposures. 
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5- The studi d fauna which are co llected from the Arabian Gulf and the Gulf 
of  Oman are dominated b moUuscan shells, mainl gastropod and 
bi al es. On the other hand, corals ar encountered in few sites with low 
sp c i fic d iversity. 
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